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Abstract

We report experimental line positions and intensities of the 3W and V2 -t V4 bands of

14NH3 obtained from 0.011 cm-1 Unanodized resolution spectra recclrded  with the Fourier

transform spectrometer at Kitt Peak National Observatory.

1366 lines with J’ s 13 have been assigneci  from which 1213 line positions with

(J’ < 12) are fitted using an effective rotation-inversion Hamiltonian to achieve a rms of 0.0069

cm-l. 726 intensity measurements are modelled  to 12 terms of dipole moment expansion to *

6Y0. The band strengths of 3v2 (s-a) at 2384.15 cm-l, of 3v2 (a-s) at 2895.52 cm-l, of V2 + V4

(s-s) at 2540.53 cm-l, and of V2 + V4 (a-a) at 2586.13 cm-l are estimated to be 0.61 (3),

0.244(7), 0.186(3) and 0.1 74(25) cm-z atm-l respectively, at 296 K.

A prediction of the line positions and intensities has been generated for all lines with

intensities greater than 0.1,10-6 cm+’ atm-1 at 296 K and sut)mitted to HITRAN data base.

Beside the lines belonging to the 3VZ / vz + V4 systcm a number of strong features

appear in the spectra which could be assigned by a preliminary study to the hot bands (V3 - V2)

, (V, - V2), (&2- V2).

Implications about the suitability of the Hamiltonian  used is explored, given that the

experimental accuracy is a factor of about 16 times better tl]at has been achieved by the fit.
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1. INTRODUCTION

Ammonia is the fourth most abundant constituent in the atmospheres of Jupiter and

Saturn (1), after hydrogen, helium and methane. This relative abundance is attested by the

presence in the infrared planetary spectra of many absorption features observed not only in

the range of fundamental bands but also of higher overtone/combination bands. For example

in the 4pm range, which is of special interest for probing deep atmosphere layers in both

planets, the observed ammonia absorption arises primarily frOm the 3vp/v2 + V4 system of

14NH3. In order to interpret current high quality planetary spectra (2,3) it is necessary to have

a complete and accurate prediction of the ammonia contribution before any new planetary

constituents can be identified in this region.

While the 4 pm band system of 15NH3 species was studied in the recent past (4), the

3V2/V.2  + V4 SyStem Of 14NH3 was so little investigated (5,6) that planetary analySeS  were

forced to rely on the assignments and band strengths reported by Benedict et al (5) in 1958.

Our purpose in the present work is to obtain the required spectroscc)pic  data of this vibrational

system for the main isotope with the same level of accuracy as those obtained in the recent

past for other important absorbers in the range, namely lZC} Lt (7-9), 13CH4 (1 O) and PH3

(11,12).

Due to the large inversion splitting of the VP vibratiorlal mode, the 3v2/v2 + VA system

covers an extended range, as seen in Fig. 1. The two overtone components 3V2 (s c--- a) and

3V2 (a <---  s), centered at 2384.15 and 2895.52 cm-l respectively, are no less than 511.37

cm-l apart. The two combination band components V2 + V4 (s <--- s) and V2 + V4 (a <--- a) are

located midway at 2540.53 and 2586.13 cm-l respectively. Accordingly, the present study

used 0.011 cm-l (unanodized) resolution spectra c)f NH3 recorded in all the range of 1800 to

5400 cm-l with the McMath Fourier transform spectrometer located at Kitt Peak National

Observatory; these data were part of a larger set obtained for analysis of the 2 pm region (by

the third author). An example of the 4 pm region is shown in Fig.2. Because of the weakness

of the V2 + V4 band relative to the 3V2 band, several optical paths were required.

Line assignments were carried out as thOrCJllghly  as possible up to J’ =12 in the four

vibrational components. Line positions and intensities were analyzed within a dyad system in

order to account properly for the Coriolis-type interactions between the 3V2 and V2 + V4 bands.

Finally, the energy and intensity parameters derived from the analyses were used to generate

a line-by-line prediction of the spectrum suitable for planetary applications. Although not

included in the present article, the spectral data corltained n-lany transitions of hot bands.

Measurements of these unassigned features were tabulated and combinecl  with the dyad

prediction for the 1995 editions of the HII”RAN  (13) and GElSA databases (14).
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Il. Experimental, DETAILS

Laboratory spectra of ammonia were recorded at 0.011 cm-l ur]apodized  resolution

using the Fourier transform spectrometer located at the McMath telescope at Kitt Peak

National Observatory. The infrared signal from a globar source was selecled for the 1800 to

5500 cm-l band pass and detected by lnSb detectors. l-he sample chambers were a 1.5 m

stainless steel single pass cell and a 6 meter base multiplepass  chamber. Gas pressures

were monitored continually with capacitance manometers during the one hour period used to

record each spectrum. Gas conditions of the six spectra used for the present study are shown

in Table 1. For several spectra, a second absorption cell cordaining  CO was placed in the path

to provide calibration of the line centers. The data usually contained residual absorption from

H20 and C02 arising in the purged air path between the source, cell and f’TS. However, this

background contamination was substantially reduced with respect to previous works (5).

Line intensities and most line positions were retrieved from these ciata through curve-

fitting of the unanodized and uninterpolated spectral digits. f:or this, differences between the

observed and synthetic spectra were minimized by iterating the position, intensity and width of

each spectral feature (15). Some line positions from the most dense scans were obtained by

peak-finding of the apodized and interpolated spectrum. The measured line centers of CO

were compared to those tabulated by Maki and Wells (16) to establish a multiplying factor to

apply to all the retrieved line positions. The agreement with the calibrated CO positions was

0.00003 cm-l. Table II gives a sample of the resulting individual measurements for a few lines

showing the averaged and individual measurements of positions and intensities obtained from

runs 1, 2, 3 and 5. From these comparisons, it appears that the retrieval precision might be

0.0001 cm-l or better for positions. However, the precision for positions is degraded by self-

broadening pressure shifts, and there is not sufficient information available to make precise

corrections. A recent study of V2 transitions near 900 cm-l (17) repc)rts that shifts for 11 lines

are both negative and positive and range from 0.66 to 3.77 MHflorr. If pressure shifts

increase proportionally with frequency, then an approximate shift for NH3 lines at 4 }lrn would

vary from 2 to 11 MHz/Torr. In table Il., there is some indication of shifts in that the 6.5 ‘Torr

data has either the lowest (or highest) observed positions O! the four runs, but the largest

difference is 0.00042 cm-l. Thus with strong well-isolated Iirles for which at least three scans

have been used, positions are thought to be accurate to 0.0002 cm-l or bc!tter. This is also

indicated by inspection of the combination differences.

The intensities were retrieved from four of the spectra. The remaining run (#4) was

not measured for intensities because the sample pressure ciropped 12?L0 cluring the one hour

integration, During the data reduction, it was found that the intensities from run #2 differed by

a constant amount from those taken from the short path cell, and the measurements were
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normalized to agree with scan #1 so that effectively the intensities are based on three

independent optical densities. Individual retrieved intensities were averaged together only if

the features had absorption depths between 6 and 80Y0. The precision of well-isolated lines

are *2Y0, but because of the behavior of the NH3 gas sample, the absolute accuracy of the

intensities iS Set conservatively to A5Y0 for these data.

The quoted accuracies for positions and intensities apply only to the well-isolated

transitions. A comparison of spectra showed that cmly 35 to 5!5%/.  of the total available features

are clean features depending on the spectra. All other lines are blended transitions or weak

features measured on the shoulders of stronger saturated lines.

Ill. THEORETICA~.MoDfl

Our present vibration-rotational approach of the 3v2/v2 + v~ system is formally quite

similar to that previously developed to investigate other interacting systems in C3V molecules

(11, 12, 18,1 9). All the couplings between 3v2/v2 + v~ and outer interacting bands were

assumed to be weak enough to be taken into account properly by a perturbation treatment via

Contact Transformation method. The limitations of this approach which will be detailled in

section V, can be inferred from fig. 1, which gives the position of the first vibration and

inversion levels of NH3. Accordingly rotational energy levels and line intensities were

calculated using effective Hamiltonian and dipole moment operators built (Jp suitably for the

system under investigation.

In the case of usual semi-rigid C3V molecules, like CH3D (18,19) and even PH3

(1 1,1 2), these operators were obtained as expansions in serial power of all normal

coordinates and momenta. f>resently  for NH3, suctI  an expansion is not valid, due to the large

amplitude motion associated with the V2 inversion mode. The treatment of the vibration-

inversion-rotation in NH3 has suggested an important number of studies in the past. A

parametrization of the energy levels that is very convenient for our present purpose was

developed by V. Spirko CI al (2o), and later by S. Urban (21). Similar parametrization for the

intensities was more recently introduced by S. Pracna et al (22).

In all those studies, the large amplitude inversion motion is removed from the

vibrational problem and treated together with the rotation. Ttle usual way to achieve this goal

is to choose a reference configuration which follows the large amplitude mc}tion  in such a

manner that all other vibrational motions remain small (23). This reference configuration is
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usually chosen to be planar with the D3h symmetry, according to the double minima potential

function.

Fig. 3 illustrates schematically the structure of the uklper state energy matrix with all

the interacting blocks between V2=3 and V2=V4=I. In Table Ill, the exact expression of these

energy matrix elements is given. Table IV contains the transition dipole matrix elements

corresponding to the transitions investigated in the 3v2 and V2 + V4 bands. The elements

given in both tables are consistent with the phase conventions used in Ref. (24). The basis

wavefunctions used in Table Ill and IV are the eigenfunctions of the zero order Hamiltonian,

labelled I i, V2, V4, 14; JKM > according to Ref. (20) where i = s or a represents the inversion

symmetric and antisymmetric components, respectively. As in Table Ill, the expansion of the

terms shown in Table IV is limited to the order of magnitude required to achieve the present

fits for line positions and line intensities given in section IV.

Three kinds of matrix elements are involved in the energy matrix at the order of

magnitude used : a) diagonal matrix elements; b) diagonal nlatrix elements in the vibrational

quantum numbers V2 and V4 but off-diagonal in all other quantum numbers K, 14 and i; c)

Coriolis-type  matrix elements coupling V2=3 and V2=V4=I St:4eS  which are of two kinds,

AK= *1, A14= *1 (a<-->s)  or AK= *2, A14= T 1 (s<-->s or a<--> a). For the transition dipole

matrix elements, only the AK=:O matrix elements were required for the transitions in 3v2; for

the transitions in V2 + V4, the AK= *1 but also AK= *2 matrix elements were needed.

A preliminary step before any diagonalization was to get the energy and transition

matrix elements of Table Ill and IV in terms of symmetrized basis functions in order to get

both matrices in a form of symmetry blocks, according to the D3h group.

IV. RESULTS

A set of computer programs based on the model described in the previous section

was developed for the present analysis of line positions and intensities in the 3v2/v2 + V4

system in NH3. These programs are very similar in their gerleral sequence to those worked

out previously for other molecules like PH3. They include all the energy/ intensity possibilities

of fitting and prediction as presented in Fig. 2 of Fief. (1 1). As a first step, these programs

were used to calculate ground state energy levels on the basis of the very accurate

parameters published by Urban et al. (25). The results obtained by our program were found in

complete agreement with those of Table 4 of Ref. (25) and then used as a constrained entry in

all our fits of the upper state. No attempt was dorm to fit again the ground state parameters.

The results presented hereafter will concern successively the line assignments based

on the ground state combination differences method, the fitting of the upper state energies

and intensities and finally the prediction of the spectrum.

7



Line Assignments and Upper State Energy.Fl!

The present assignments cover the range from 2086 to 3110 cm-l. Starling with the

results from Benedict et al. in 1958 (5), the line assignments of 3v2 and VP + VA were

completed as much as possible up to J’=13, increasing the number of identified lines from 516

to 1366. For the weak V2 + V4 , 480 line assignments were added to the 320 initially reported.

In the 3V2 band, the number of line assignments were doulded (from 216 assignments to

414 in the present work). In particular, a number of lines belonging to the Q- and to the P-

branch of the 3V2 s<--a  component, which were wholly obscured by the C02 absorption in the

previous work (5), are now assigned. For the fit of the upper state energies, all the lines which

correspond to multiple or uncertain assignments were disregarded and finally 1213 lines (J’ <

12) corresponding to about 500 different upper state energy levels were included in the fit.

A set of 48 upper-state parameters, presented in 1 able V is retained allowing to

reproduce the experimental transitions with a overall standard deviation of 0.0069 cm-l .This

deviation is roughly a factor 35 bigger than the experimental uncertainty estimated for strong

unblended well-isolated lines. Even by taking into account the degradation of the

measurement precision by pressure shift as described in section 11, a factor of nearly 16

finally represents the limitation of our model. The parameters reported in l-able V are defined

according to notation of Table Ill. No important correlations between the parameters were

observed.

It should be noted that the quality of our fit is similar for the degenerate V2 + V4 band

(r.m.s = 0.0070 cm-l for 799 transitions) and for the non-degenerate band 3V2 (r.m.s = 0.0067

cm-l for 414 transitions). In the case of the V2 +- V4 band the quality of the fit is roughly similar

for the a<--a and SC--S components whereas the r.m.s deviation of the 3V2 s<--a component

(of 0.0050 cm-l)  is much better than the r.m.s. deviation of the 3v2 a<--s component (of

0.0081 cm-l).  This effect seems to point out the limitations of our model with respect to the

vibrational interactions between the 3V2 a<--s component and the bands lying just above,

namely the 2V4 band (see figure 1).

In l-able V, 17 parameters concern the upper state V2 =3, and 30 the upper state V2 =

V4 = 1, The columns “s” in table V give the values of the parameters for the symmetric

component and the columns “a-s” give the differences of the parameters between the

asymmetric and symmetric components.

The Coriolis-type coupling between the 3v2 and Vp + V4 bands is not very strong. Only

one parameter (C2S=C2a)  describing the Coriolis-type interaction in AK= t2, A14=T 1 between

the two bands has been determined. Indeed, energy levels that interact by this Coriolis-type

interaction in AK= *2, A14= T 1 approach each other quickly enough to prc)duce an avoided
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crossing between the s components of the V2=3, K’=9 and the V2 = V4 =1, K=l 1, 1’ = -1 upper

states; this allows us to determine the parameter responsible for this interaction. On the

contrary, the Coriolis-type parameter in AK= *1, A14= *1 was not found to be determinable

and did not contribute to dec:rease  the standard deviation significatively. It was therefore

taken out of the adjusted parameters to fit and fixed to zero. This problem probably arised

because the energy differences between the interacting levels in AK= *1, A14= *1 vary much

less quickly with K than the interacting levels in AK= *2, ALI: T 1 so that they do not lead to

avoided crossings at the observable K values. A very different situation was found in the case

of the 2v2/v4 system studied by Sasada et al. (26) for which all the levels belonging to the two

interacting bands are lying much closer to each other and for which it was therefore possible

to determine both parameters (and their rotational dependence). Nevertheless the

differences between their model and ours did not allow us to use the value they determined for

the Coriolis parameters in our fit.

Similar avoided crossings take place even at small values of K k)etween energy

levels within the V2 + V4 band allowing us to determine a number of “essential” resonances

parameters in our fit such as the parameters q, and q2 (and their rotational dependances) as

well as the f4 parameter responsible for interactions between ener9Y levels  characterized

respectively by AK= *1, A14=:  72 (a<-->  s), AK= *2, ALI= *2 and AK= f 4, ALI= T 2 (s<-->s or a<-

->a). Among those interacting levels, the particularly strong interaction in AK=* 1, AI=T2 within

the V2 + V4 makes some AK=*2 a<--s or s<--a perturbation-allowed transitions observable.

we have kept the “s” and “a” notation for the upper state erlergy levels inspite of the rather

strong mixing between these two components due to the interactions in AK=A1.

In the V2=V4=l upper state, the sixth order parameters HJ, HJK, }’{KJ and HK were

not found to be significatively  different from their ground state value for neither the asymmetric

nor the symmetric components. These parameters were therefore constrained to their ground

state values as shown in Table V. In the V2=3 upper state, these H parameters were found to

exhibit large variations from their ground state values. However the differences between the

asymmetric and symmetric values were not found to be significatively  different from the

ground state values and therefore fixed to these ground state values.

The upper state energy levels of the 3v2 / V2 + V4 system calculated using parameters

from Table V are represented in function of the rotational quantum number J in Fig. 4 to

illustrate the mixing of levels between the 3V2 and VP + V4 bands and also within V2 + v4.

Lnten-sky._Ei!

Some 726 intensity measurements were selected by disregarding lines which

correspond to either multiple or uncertain assignments. The data set contains 116,144, 219
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and 247 transitions from 3v2 S<--a, 3VZ a<--s,  VP + V4 s<--s and V2 + V4 a<--a.  The fit of

these intensity data led to the determination of four transitior~ dipole  nloments and eight

Herman-Wallis  corrections in the 3v2 and VP + V4 t~ands.  Their best values, obtained by least-

square fiting, are reported in Table Vl, according to the notation of 1 able IV. The intensity

parameters are noted “s” or “a” depending whether they corlcern  tr:lnsitions  originating from

“s” or “a” ground state energy levels; so “S’( notation is used for 3v2 a<--s,  VP + V4 SC--S

transitions and perturbed allowed VP + V4 a<--s  transitions, “a” nOtatiOn  for 3V2 s<--a,  V2 + V4

a<--a transitions and perturbed allowed VP + V4 s<--a transitions. In Table VI the values of the

“s” parameters and of the differences “a-s” between the “a” and the “s intensity parameters

which correspond to the actual fitted parameters are preserlted.  They reproduce the

experimental line intensities with a r.m.s equal to 5.66 Yo, quite close to the estimated

uncertainty of the absolute intensity measurements (of 5Yo). The r.rn.  s deviations for the four

components taken separately are 5.59 ‘A for the 116 transitions of 3v2 s<--a,  3.70 YO for the

144 transitions of 3v2 as--s, 4.94 ?4. fOr the 219 transitions of VP + V4 S,a<--s and 7.04 YO for

the 247 transitions of V2 + V4 a,s<--a.

In table Vl, the first subscripts O and 1 are related to 3v2 and VP + V4 transitions

respectively. All the parameters with two indices correspond to Herman-Wallis  corrections

defined in Table IV. In this fit, only the parameters showing a test value greater than twice the

overall test value were retained as significant parameters. I or VP + v4, the Herman-Wallis

corrections are especially large, coming to be of the same magnitude as the leading term for

relatively low values of J and K. A trial fit floating only 9 parameters (do

S, doa - dos, dol

a - dols,

sd a- d l l

s , d1 2

s , d1 2

a -  dd l

s , a l

la -  dl

s , d ll s 11 ,2S) and dropping the Herman-Wallis corrections

d17, d16 and d14 for the V2 + V4 band, gave a r.m.s. deviation of 3O.73*1O.

The results of Table VI lead to derive vibrational transition moments and band

strengths for the 3V2 and V2 + VA bands. The transition moments for each component have the

following values :

-q1v>3v2  a<--s  = I do

s

<pv>3v2 s<--a = I do

a

/~~= 0.002856(40) Debye (1)

/&= 0.00496(1 3) [Jebye (2)

<IWW2,”4  SK--S= I d,’ I = 0.002358(36) Debye (3)

<PV>V2, ”4 a<--a = ] dl

a ] = 0.002182(82) Debye (4)

The values of the bandstrengths are presenteci in Table Vll and compared to the only

ones available from by Benedict et al (5). In the case of 3V2 where the Hernlan-Wallis

corrections are very small, the bandstrengths were calculated from the usual formula :
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Svs =8113 v F_~o~!v~23v2  a.--s

3hc QV(T) T

Sva =~J13_V_f_TOS!V223V2 s<--a

3hc QV(T) T

(5)

(6)

with f = 2.68675 x 1019 molecules cm-3 atm-l at To= 273.15 K, T=296 K, Qv set to 1 and with

the band centers v from table V. From Table Vll, it can be sce that the value of Sv for 3v2 =

l/2(Svs + Sva) = 0.427 (37) cm-2 atm-l is very close to the olserved  value of XSi=O.446 cm-2

atm-l.

For V2 + V4 where the Herman-Wallis  corrections are especially large, as already mentioned,

we tried tentatively to use the formula (5) and (6) by replacirig  <pv> by an effective value of

the vibrational transition moment <yv>eff  defined as :

S _  d1S+d12sl‘}lV>eff  – =Cpv>s(l+p) (7)

and a similar expression for <pv>eff a. The parameters ~ and @ are defined by the ratio

d12s,a/dls,a and we have ~=:0.1 28(4) and ~=0.17(7).  The two values of Sv,eff  obtained that

way are given in Table WI and leads to an effective value of the vibrational bandstrength  Sv,eff

for V2 + V4 = l/2( Sv,effS + Sv,effa) = 0.180 (14) cm-2 atm-istill slightly below the observed value

of ZSi=O.208  cm-2 atm-l.

It can be noted by comparing the results of equations (1) and (2) that the vibrational

. transition moment for 3v2 s<--a is 1.72 times bigger than for 3v2 a<--s, a ratio which is not too

different from the ratio 1.62 obtained by Benedict et al. (5) but differs mole significantly from

the ratios of transition dipole moments calculated in ref. (22). Nevertheless our results agree

with the predictions of Ref. (22) where it appears that for all the overtones involving the V2

inversion mode the vibrational transition moment for the component s<--a is always bigger

than the component a<--s.  For V2 + V4 the perturbation treatment adopted by Benedict et al.

(5) does not allow us to make a comparison with cmr values which come from a more

complete treatment of the transition dipole moment matrix.

Tables VIII-XI show a comparison between measured and calculated

intensities using the energy and intensity parameters from Table V and V1. Fc)r each line,

they include the line assignments, the observed wavenurnbers, the measured and calculated

intensity, the difference between observed and calculated frequencies (presented only in 10“3

cm-l for indication in those tables) and the difference between measured and calculated

intensity. In these tables, 47 of the 74 perturbation-allowed lines a<--s  or s<--a within V2 + V4



. .

1

(indicated by an ast@risk)  show observed-calculated  intensities  bigger than *1 0% (in a total of

107 lines in such a situation). Those lines are made observable through tt Ie relative strong

interaction in AK=*1, AI=T2 within the V2 + V4 band and are therefore very important to

determine the dipole moment expansion parameter d17. They illustrate thus the limitation of

the theoretical model used,

Results of Table V and VI were also used to generate a line-by-line frequency and

intensity prediction of NH3 due to the 3v&I + V4 system for all the transitions with J’ S 13 with

an intensity cut-off of 0.1. 10-6 cm-2 atm-lwhich seems reasonable for planetalogy purposes.

This complete data file (which has been submitted to HITHAN  data base, edition 1995) is

available from one of the authors by diskettes or by e-mail. A small portion of this file is

reproduced in Table X11. A copy is also in deposit by the Journal. l-his file includes all the

information needed to generate spectra at different temperatures in emission or in

absorption, i.e. line assignments, observed frequencies, observed-calculated values (in 10-4

cm-l), line intensities and upper and lower energy levels. Finally Fig. 5 presents a portion of

the NFf13  absorption spectrum between 2865 ancl 2895 crrrl  near the region of the Q branch of

the 3V2 a<--s band. The observed-calculated intensities reported at the top of the figure show

the quality of our fit.

Beside the lines belonging to the 3vz./v,2 + V4 system, a number a StrOINJ  features

appear in the spectra and have been assigned preliminary to the difference bands (v3 - v2) ,

(VI - V2), (4v2 - V2). A more detailed study of those bands is now under course.

V. CONCLUSIONS

The study of the 3V2/V2 + V4 system of NH3 presented in this paper extends the

knowledge of the very complex NH3 spectrum in the range of 2000 to 3000 cm-l .The

availability of accurate pc)sition and intensity measurements from high resolution infrared

spectra has permitted substantial improvement of a regiorl  that has recented little attention

since the very nice study of Benedict et al. in 1958 (5). Some of their results were in fact

validated in the present study especially concerning the intensity ratic) of the two overtone

components of 3v2.

The model used in the present study model points out the adequacy of the

perturbation way to describe all the interactions between 3v2 and VP + V4 with either V2 , 2v2 or

V4. It is interesting to note that our theoretical approach which treats 3V2 and V2 + V4 within a

dyad system allows us to reproduce line positicms and intensities reasonably well. The only

Iimitaticm concerns the interaction between 3v2 and 2v4 which appears through some

discrepancies and anomalous values of the centrifugal distortion parameters. The number of
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parameters required in our fit to achieve a reasonable agreement with the observed spectrum

is relatively low (48 upper state energy parameters and 12 intensity parameters) compared to

the 91 energy parameters required in the study of the 2v2/\14 system (26). Moreover the

quality of our fit is similar c)r even better than those obtained in previous works on of 14NH3

(6) or of 15NH3 species (4) where 3v2 and V2 -t V4 were treated within a polyad  including V2

, 2VP , 3VP , V4 ,VP + v4. It is probable that in the case of the 3V@p + V4 system, the upper

state energy levels are lying high enough from the top of the inversion potential barrier, so that

the choice of the D3h reference configuration and therefore the theoretical model adopted in

our study, is more adequate than in the case of the 2v2/v4 system, located in an “intermediate-

case” region, near the top of the barrier.
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I-qGIJI<Ii CAPTIONS

l’-iglllc  1 : The Lowest inversion-Vibration Energy 1,evcls of ] 4NI IS (from Ref. (6)).

Figure  2: The spectrum of 14NH3 at 4 ~un recorded with tile McMath FI’S located at Kitt

Peak National Observatory using a 2,5 m path and 6.2 Torr of enriched Amtnonia  at 297.7K.

The unanodized resolution is 0.011 cm-1. A sample of CO was placed in another cell  to

provide wavcnumber (cm-1) calibration. The C02 and H2(J featules  arise from residual gas in

the FJS chamber and external path.

IJigure 3: interaction blocks in the upper state energy matrix.

];igurc 4: lJpper state energy leVe]S of 3v2/V2+-V4

Figure  5: Comparison of observed and calculated spectra of 14NI Isncar2415 and 2894 cm” 1

using a 25 m path and 6.2 lorr of enriched ammonia at 29’/.7 K. ~’hc % ]Csidual  (ohs-talc)

differences are plotted above. The left panel shows P branch transitions of V2 + V4 while the

right panel has the Q (J=K) transitions of 3V2 a-s. To prepare this figure, the spectra were

apodizcd  and the line widths iterated with the positions and intensities held fixed.



Table 1. Experimental Conditions of the NH3 Spectra Used the Present Analysis.

E
_— —— . . -.—.

Run Path (In) Pressure Temperature Calibrated

7

Measured
(Torr) (K).-

1
_ _ _  9C0 ,  fora

1.5 2.60 294.9 I
2 25. 1.05 295.0 V, I
3 25. 6.50 297.7 yes I
4 73.0 0.5 297.0 yes v
5 433. 0.43 297.3 yes v, I
6 433. 6.20 297.4 yes v—— . . . .—..

av indicates that line positions were measured and 1 that line intensities were retrieved from a run.



TABLE 11

Sample of Individual Intensity Measurements from four spectra

Positions O-av Int %(0-av) Path Press Temp
cm-l cm-l cm-2/atm m Torr K

av = 2402.424894
2402.424642
2402,424927
2402.424937
2402.425069

av = 2445.869837
2445.869643
2445.869805
2445.869900
2445.870002

av = 2449.351604
2449.351539
2449.351557
2449.351617
2449.351702

av = 2475.908649
2475.908582
2475.908606
2475,908696
2475.908711

av = 2483.372594
2483.372540
2483,372542
2483.372641
2483.372655

av = 2490.634980
2490.634903
2490.634995
2490.634996
2490.635025

av = 2894,294482
2894.294366
2894.294447
2894.294488
2894.294629

0.00016
-0.00025
0.00003
0.00004
0.00018

0.00013
-0.00019
-0.00003
0.00006
0.00016

0.00006
-0.00006
-0.00005
0.00001
0$00010

0.00006
-0.00007
-0.00004
0.00005
0.00006

0.00005
-0.00005
-0.00005
0.00005
0.00006

0.00005
-0.00008
0.00002
0.00002
0,00005

0.00010
-0.00012
-0.00004
0.00001
0.00015

1.053E-03
1.026)3-03
1.071E-03
1.032E-03
1.083E-03

1,181E-03
1, 156E-03
1.184E-03
1.181E-03
1.203E-03

1.944E-03
1.847E-03
1.999E-03
1.979E-03
1.951E-03

2.999E-03
3.031E-03
3.004E-03
3.056E-03
2.906E-03

1,390E-03
1.371 E-03
1.412E-03
1.374E-03
1.403E-03

3.413E-03
3.446E-03
3. 182E-03
3.514E-03
3.509E-03

2.133E-03
2.041E-03
2.191E-03
2. 156E-03
2. 144E-03

-;.2
-M
2.8

j;
0.2
0.0
1.9

-N1
2.8

H

1.9
1.1
0.2

-H

-;;
1.6

-1.2
0.9

4.0
1.0

-6.7
3.0
2.8

2.6
-4.3
2..7

::;

4

4

4

4

4

4

4

1.50
433.00
25.00
25.00

433.00
25.00
1.50

25.00

433.00
1.50

25.00
25.00

25,00
1.50

2.5.00
433.00

1,50
25.00

433.00
2.5.00

2.5.00
433,00

).50
2.5.00

433.00
25.00
1.50

25.00

2.596
0.430
1.050
6.200

0.430
1.050
2.596
6.200

0.430
2.596
1.050
6.200

6.200
2.596
1.050
0.430

2.596
6.200
0.430
1.050

6.200
0.430
2.596
1.050

0.430
1.050
2.596
6.200

294.9
297.0
295.0
297.7

297.0
295.0
294.9
297.7

297.0
294.9
295.0
297.7

297.7
294.9
295.0
297.0

294.9
297.7
297.0
295.0

297.7
297.0
294.9
295.0

297.3
295.0
294.9
297.7
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TABLE 111

Upper state energy matrixa for the system 3v2/v2  + V4 of NI ]3

a) diagonalb
JK,i

<iv, h;JKl i,v, ~4; JK>=v~+  B~J(J+l)  +(C~-B~)  Kv-D~J2(J+l)2-Dv J(J+1)K2

- D;’i K4 + H? J3 (J + 1)3+ H~’i J2 (J + 1)2K2 + H~J J(J+I ) K4 + H:’i @ -2 (C~4);  K~4

+ ?l~ J (J+l) K84 + qkj K3~4 + @i J2 (J+1)2 Kt4  + ~JKJi J(J+l) K3(,4 + ~K~i  K5~4 (i =s, a)

b) essential resonances

<s, v,~4; JKl  a,v, L4; J,K*3>=  F3(J,  K)[q3v(2K  *3)*q~+d~~41

<a, v, C4; JKls$v, ~4; J,K*3>=  ~(J, K)[q3v(2K  *3)~q~+d3~4l

<i, v,~4; JK!i, v,~4; J,K*6>=~(J, K)$6 (i=s, a)

e;, 1, 1,*1 ; JKI;, 1,1, ~ 1 ; J,IW 1> = (2Ki-  1) F~:(J, K) [ql +Cll] J(J+l) + qlK(2=l)2]

<i, 1,1,7 l; JKli,l,l,*l  ; J, K*2 >= I~(J,K) [q; +q~ J(J+l) ‘qjK (2~2)2] (i=s, a)

<i, l,l&l;J,Kli,l,l,~l  ;J, K*4>=I~(J,  K) $4 (i=s, a)

c) Coriolis-type couplingb

<s,3,0,0;J,K la,l,l,*l ;J, K~= 1 >= ~(J, K) [~*C~~  (2K*  1)1

<a,3,0,0;J,K  ls,l,l,*l ;J,K~: 1 >= ~(J,K) [g*C~K(2K* 1)1

<i,3,0,  0; J,Kli,l,l,71 ;J, K*2>=*~(J,  K)[C\*C~K(2K  *2)]

------------.--w.---------  .

F; (J, K) = [J(J+l)  - K(K*l)]lfl ; Z-(J, K) = ~ (J, K) Ii (J, K+l) ; . . .

(i=s, a)

a) The elements  are given according  to the phase conventions  Of Ref (24) and Obey <i’, V’ ; J. K’

li, v; J, K>=<i, v’; J, Kli’, v’; J, K’>
The quantum number M is dropped all over the table

b) v represents the set (v2, v4) qual to (3, ()) and (1, 1) for the upper states of 3V2 and V2 + V4,
respectively



TABLE IV

M-reduced dipole transition matrixa for the system 3v~Vz + VA of NH~

a) 3W

<s, v= O; JKllpzl  la,3,0,0; JK>=-!- [ds+d&J (J+l)+d~K21  KFoo(JK)*O

<s, v= O; Kllpzll  a,3, O, O; J'K>=A[ds +d~lm+d ~3m2+d~K2lFlo(mK)Go

<a, v= O; JKll~zl  ls,3, O, O; JK>=l[da +~2J(J+l) +d&K2]KF@(JK)
*O

<a, v= O; JKll~&zl  ls,3,0,0; J’K>=--!- [d~+d~lm +d~)3m2+ d~K211J10(m  K)
@

b) V2 -t- V4

<i, v = O ;JKI IWZI  I i, 1, 1,* l;J, H 1> =*; [d; 3 d~2 (2K* 1)+ d~3J(J+l)-t  d~5(2K*l)2]~1(J  K)

<i, v= O; JKllpzll  i,l, l,*l ;J’, K*l>=*}  [d\+d~ln~*  d~2(2~l)  +d\4m2+d~5(2~l)2

t d~6 m(2KAl)]~1(m  K) (i =s, a)

.
<s, v= O; JKIILZI

<s, v= O; JKll~Zl

<a, v= O; JKll~zl

J s + d s (2KT 2)] F;2(J K)a,l, l,*l;  J, K~2 >-–-2 [’%7– 19

a, 1, 1,*1 ;J’, K7 2>=~[d~7+d~8n~*d~9(2K~2)]  F~2(m K)

S, 1, 1,* 1 ; J, KT 2>= ; id;. #d;9 (2K7 2)1~:2(JK)

<a, v= O; JKll~zll  s, 1, I,*1 ;J’, K7 2>= ~-[d~7+ d~8m*d~9(2Kq  2)] F~2(m K).

—-
a < I I pzl I > is defined according to the notation of Ref (24), Eq.2.

The first subscripts O and 1 in the intensity coefficients are related to 3V2 and V2 + v4,

respectively
v = O represents the set (w, v4, ~4) = (O, O, O) for the ground state

m = J + 1 and - J for J’ = J+] (R branch) and J -1 (P branch), respectively

F functions are expressed in temm of J, m and K in Table XIV of Ref (24).
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TABLE V

Energy parameters for the system sV~\)2  + V4 of 14NH3

a) diagonal
v

B ,

c“
D:x 103

D:x 102

D;x 103

H{x 106

H~x 105

H~x 105

H;x 106

(C{4)V

q:x 102
Tl; x 102

xJK x 105

XK x 105

b) essential

qqv x 103

ql
qlJ X 10~

qlK X ]@

q2
q~ x 104

02KX  104
j?, x 104

3v2

s

2384.1477 (57)

9.49981 (29)

6.19169 (39)

-0.2639 (42)

0.1282 (10)

-0.9440 (78)

-0.500 (18)

0.1744 (60)

-0.2035 (72)

0.780 (36)

-0.278 (26)

a -s

511.3652 (69)

-0.30293 (25)

0.10411 (28)

0.0086 (19)

-0.00846 (36)

0.1198 (36)

fixedb

fixedb

fixedb

fixedb

-

c) Coriolis
C;= C;= 0.01158 (66)

---------------  ------------

Numtxr of transitions 414

r.m. s.d. in 10-~ cm-] 6,74

VP -t V4

s

2540.5287 (33)

10.31504 (12)

6.01800 (15)

1.3122 (11)

-0.27747 (69)

1.6843 (75)

fixedb

fixedb

fixedb

fixedb

-1.30276 (51)

-0.211 1(30)

0.1184 (33)

-0.87 (14)

0.88 (14)

-0.2258 (33)

0.11074 (26)

-0.1316(26)

0.636 (44)

0.124686 (90)

-0.8220 (84)

-0.632 (34)

0.1718 (66)

799

7.01

a - s

45.6030 (48)

-0.21041 (18)

0.090039 (22)

-0.4593 (14)

0,12625 (87)

-0.8674 (78)

fixedb

fixedb

fixedb

fixedb

-0.18416 (48)

- 0.1527(19)

0.1964 (26)

0.017438 (78)

o.

0.

0.044 (lo)

@ The quoted errors represent three standard deviations

b) fixed to the ground state values determined in Ref (25)



TABLE VI

do X 1 02

dol X 103

dl X 102

dll X 10s

dlz  X 103

dld X 105

d16 X 105

d17 X 103

Intensity parameters for the system sV2/V2  + V4 of “NHs

3V2 V2 + V4

-0.4039 (57) -0.298 (13)

o. -0.208 (16)

0.2358 (36) -0.0176 (46)

-0.5131 (84) -0.135(13)

0.3021 (51) 0.0658 (75)

-0.99 (lo) o.

0.554 (63) o.

-0.1677 (36) o.

— -...— ——, -? . . . . ..—

Number of data 260 466

r.m.s.d. in % 4.63 6.16

a The quoted errors represent three standard deviati  om.

%’%1 ‘%’ . . . are related to transitions going from ground states levels; d~, d~l, d;, . . .

are related to transitions going from ground state a levels.

The signs of intensity parameters are correlated to those of the energy parameters given in Table

Iv.



Table WI : Bandstrengths (in cm-z atm-l) for the 3v2 and V2 + V4 bands of 14NH3.

Band Centers From present From Benedict et
(cm-l) work al. (5)

Svs ( 3v2 a<--S ) 2895.52 0.244(7) 0.20 (1)
Sva ( 3V2 s<--a ) 2384.15 0.61 (3) 0.44 (5)
Sv,effs ( V2 + V4 Se--s ) 2540.53 0.186(3) 0.06
Sv,effa  ( V2 + V4 a<--a  ) 2586.13 0.1 74(25) 0.06
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Table VIII,

Comparison of h4easured and Calculated Line Intensities in 3V2 a <-- s
— . —.— — — .

Intensity data from

T-n
- - -

1

;
4
s
6

:
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

%
38
39
40
41
42
43

::
46
47
48
49

::
52

:;
55
56
57
58
59
60
61
62

::
65

Transit ion

( 1 1 ) ( 1 1 1 ) ( I V ) ( v )

(Q)p  (  1, 0,s)
(Q)f’ (  2, 1,s)
(Q)Q ( 1s 1,s)
(Q)P (  3 ,  O,S)
(0)R (  1, O,S)
(Q)P (  3 ,  1,s)
(Q)Q (  2) 1,s)
(Q)R ( 1, 1,s)
(Q)P (  3 ,  2,s)
(Q)Q (  2 ,  2,s)
(Q)P (  4 ,  $,S)
(Q)Q (  3 ,  3,s)
(Q)P (  4 ,  1,s)
(Q)Q (  3, 1,s)
(Q)R (  2 ,  1,s)
(Q)f’ ( 4 ,  2 , s )
(Q)Q (  3, 2,s)
(Q)R (  2, 2,s)
(Q)P ( 5, 3 , s )
(Q)Q ( 4, 3 , s )
(Q)R ( 3, 3,s)
(Q)P ( 5, 0,s)
(Q)R ( 3, 0,s)
(Q)P (  5 ,  1,S)
(Q)R (  3 ,  1,S)
(Q)P ( 5, 4,s)
(Q)Q ( 4, 4,s)
(Q)P (  5,  2,s)
(Q)Q ( 4, 2,s)
(0)R ( 3, 2,s)
(Q)P ( 6, 3,s)
(Q)Q ( 5, 3,s)
(Q)R ( 4, 3,s)
(Q)P ( 6, 5,s)
[:;: [ :* 5 , s )

(Q)Q (  5:  l;~]
(Q)R ( 4, 1,s)
(Q)Q ( 5, 4,s)
(Q)R ( 4, 4,s)
(Q)P ( 6, 2,s)
(Q)Q ( 5, 2,s)
(Q)R (  4,  2,s)
(Q)P ( 7, 3 , s )
(Q)Q ( 6, 3,s)
(Q)R ( 5, 3,s)
(Q)P ( 7, 6 , s )
(Q)p ( 7, 0,s)
(Q)R ( 5, 0,s)
(Q)P ( 7, 5 , s )
(Q)Q ( 6, 5,s)
(Q)R ( 5, 5 , s )
(Q)P (  7 ,  1,s)
(Q)Q (  6 ,  1,S)
(Q)R (  5 ,  1,S)
(Q)p ( 7, 4 , s )

O A2”
1
1 ;;
2 A2”
2 A2”
2 E’
2 E’
2 E’2 E,,
2 E“
3 A2’
3 A2’
3 E’
3 E’
3 E’
3 E“3 E,,
3 ~,!
4 A2’
4 A2’
4 A2’
4 A2°
4 A2’”
4 E’
4 E’4 E,,
4 E,,
4 E“4 ~,1
4 E,,
5 A2’
5 A2’
5 A2’
5 E’
5 E’
5 E’
5 E’
5 E’5 E,,
5 E“~ ~,,
5 ~n
5 E“
6 A2’
6 A2’
6 A2’
6 A2°
6 A2°
6 A2°
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E“
6 E“~ ~,,
6 E,,
6 E,,
6 E“
7 A2’
7 A2 ‘

1 a O 0 ~ ~75.63201
3 a 1 0 3rNJ2  2855.07401
3a10
3 a O 0
3 a O 0
Salo
5a10
5a10
5 a 2 0
5 a 2 0
4 a 3 0
4 a 3 0
7a10
7a10
7a10
7 a 2 0
7 a 2 0
7 a 2 0
4 a 3 0
4 a 3 0
4 a 3 0
5 a 0 0
5 a O 0
9a10
9a10
8 a 4 0
8 a 4 0
9 a 2 0
9 a 2 0
9 a 2 0
6 a 3 0
6 a 3 0
6 a 3 0
10a50
10a50
lla10
lla10
lla10
10a40
10a40

3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2

2894.83981
2831.46648
2930.81440
2832.26161
2891.85963
2931.62534
2834.66828
2894.29448
2814.41531
2893.88488
2808.08795
2887.45768
2947.05553
2810.43418
2889.84118
2949.46738
2788.7751CI
2887.96074
2967.4303CI
2781.90137
2960.30533
2782.65152
2961.08315
2794.31670
2893.61139
2784.92245
2884.03044
2963.43733
2761.95548
2880.75733
2979.94292
2774.37595
2893.47677
2756.07188
2874.72787
2973.79000
2886.21132
2985.50603

(Q)Q (  6 ,  4 , s )
(Q)R (  5, 4 , s )
(Q)p ( 7 ,  2 , s )
(Q)Q (  6 ,  2 , s )
(Q)R  (  5 ,  2,s)
(Q)p (  8 ,  3 , s )
(Q)R  (  6 ,  3 , s )
(Q)p (  8 ,  6 , s )
(Q)O (  7 ,  6 , s )

1 a 2 0
la20
la20
6 a 3 0
6 a 3 0
6  a “ 3 0
6 a 6 0
7 a O 0
7 aOO
12a50
12a50
12a50
13a10
13at0
13a10
12a40
12a40
12a40
13a20
13a20
13a20
8 a 3 0
8 a30

3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2

2758.25340
2876.96403
2976.07225
2734.09631
2872.39986
2991.20183
2754.59778
2727.79986
2984.55131
2745.94410
2884.58831
3003.68819
2728.48681
2866.621CJ3
2985.27732
2739.17515
2877.62610
2996.55785
2730.56675
2868.76369
2987.47460
2705.35752
3001.32709j ~2t, j a 6 0 3nu2  2 7 2 4 . 7 6 6 6 1

7 A2° 7 a 6 0 3nu2 2 8 8 3 . 0 8 8 1 6

—— . . . .
experiment p r e s e n t  analy~

———...
( V I ) ( V I I ) ( V I I I )  (m

—— .-.
0 . 1 4 4 4 E -0 2
0.9210E-03
0.1124E-02
0.2638E-02
0.2816E-02
0.1240E-02
0.5551E-03
O.1O98E-CI2
0.8175E-C~3
0.2134E-02
0.1259E-C)2
0.5275E-02
0.1197E-02
0.2714E-03
0.1606E-02
0.9830E-03
0.1115E-02
0 . 1 0 7 7 E -0 2
0.1413E-02
0.2861E-02
0.1834E-02
0.1878E-02
0.3473E-02
0.9256E-03
0.1729E-02
0.4624E-03
0.2863E-02
0.8797E-03
0.6273E-03
0.1453E-02
0.1128E-02
0.1463E-02
0.2293E-02
O.31O6E-O3
0.4028E-02
0.6506E-03
0 . 7 3 2 2 E -0 4
0.1522E-02
0.1466E-02
0.7690E-03
0.6266E-.03
0.3053E-03
0.1427E-”02
0.7583E--03
0.7077E-03
0.2032E.-02
0.3893E-03
0.7665E-03
0.2321E-02
0.2963E-03
0.1283E-02
0.5509E-03
0.3949E-03
0.3238E-04
0.1172E-02
0.3483E-03
0.7053E-03
0.8567E-03
0.3848E-03
0.1427E-03
0. I140E-02
0.4157E-03
0.1487E-02
0.3370E-03’
0.1952E-02

0.1523E-02
0.9519E-03
0.1171E-02
0.2776E-02
0 . 3 1 0 5 E -0 2
0.1257E-02
0.5356E-03
0.1186E-02
0.8296E-03
0.2264E-02
0.1287E-02
0.5839E-02
0.1191E-02
0.2802E-03
0.1746E-02
0.1007E-02
0.1184E-02
0.1153E-02
0.1440E-02
0.3054E-02
0.1996E-02
O.191OE-O2
0.3868E-02
0.9337E-03
0.1847E-02
0.4601E-03
0.3087E-02
0.8627E-03
0.6195E-03
0.1561E-02
0.1126E-02
0.1532E-02
0.2490E-02
0.3068E-03
0.2852E-02
0.6315E-03
0.7361E-04
0.1613E-02
0.1548E-02
0.7962E-03
0.6095E-03
0.3109E-03
0.1491E-02
0.7229E-03
0.7238E-03
0.2169E-02
0.3832E-03
0.7534E-03
0.2455E-02
0.2895E-03
0.1345E-02
0.5922E-03
0.3757E-03
0.3479E-04
0.1215E-02
0.3383E-03
0.7305E-03
0.9129E-03
0.3717E-03
0.1469E-03
0.1174E-02
0.4002E-03
0.1550E-02
0.3311E-03
0.2080E-02

——
- 5 . 4 8
- 3 . 3 5
- 4 . 1 8
- 5 . 2 3

‘ 1 O . 2 5
- 1 . 3 3

3 . 5 1
‘ 8 . 0 0
- 1 . 4 9
‘ 6 . 0 7
- 2 . 2 0

- 1 0 . 7 0
0 . 4 8

- 3 . 2 3
‘ 8 . 7 5
- 2 . 4 0
- 6 . 1 8
- 7 . 0 9
- 1 . 8 9
- 6 . 7 6
‘ 8 . 8 2
‘ 1 . 7 2

- 1 1 . 3 8
- 0 . 8 8
- 6 . 8 0

0 . 5 0
- 7 . 8 2

1 . 9 3
1 . 2 5

- 7 . 4 1
0,19

- 4 . 7 5
- 8 . 5 8

1 . 2 3
2 9 . 1 9

2 . 9 4
- 0 . 5 3
- 6 . 0 1
- 5 . 5 9
- 3 . 5 3

2 . 7 3
- 1 . 8 4
- 4 . 5 0

4 . 6 7
‘ 2 . 2 7
‘ 6 . 7 4

1 . 5 7
1.71

- 5 . 7 9
2 . 2 8

- 4 . 8 4
- 7 . 4 9

4 . 8 6
- 7 . 4 4
- 3 . 7 1

2 . 8 7
- 3 . 5 8
- 6 . 5 6

3 . 4 1
- 2 . 9 5
- 2 . 9 4

3 . 7 3
- 4 . 2 4

1 . 7 5
‘ 6 . 5 4

-3
7
7
1

;
2

:
6
6
6

- 2
- 2
- 2

0
0

-;
- 1
- 1
- 5
- 5
- 5
- 5

6
6

- 4
- 4
- 4
- 5
- 5
- 5

5
6

- 4
- 4
- 4
- 3
- 3
- 4
- 4
- 4
- 2
- 2
- 2

:
0

- 4
- 4
- 4

0
- 1

0
- 4
- 4
- 4
- 1
- 1
- 1

1

-k
- 6

N o t e . ( I ) S e r i a l  n u m b e r  ;(II)A$signment;(  II I)Identification  of the upper level ;(IV)Vibrational  b a n d
— — .

(V)Observed  wavenumber  i n  c m - l  :(VI)So  i n  c m - 2  atm-1 a t  296K;(VII)SC  incm-2  atm-1 a t  296K;
{k’iZZ)SO-SC{SO ”{fl %;~obs-ci  lc)uavenumber  fn 1 0 - 3  cm-i
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Table  VII1_c@inued
. .- —-— -. .,-. . . . . . . . .

I n t e n s i t y  d a t a  f r o m

n-j
-i%

67
6 8
6 9
7 0
71
7 2
73
74
75
76
77
78
7 9
8 0
81
8 2
8 3
8 4
8 5
8 6
87
88
8 9
9 0
91

::
9 4
9 5
9 6
97
9 8

1 %
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

T r a n s i t i o n experiment p r e s e n t  a n a l y s i s

(II) “ ( 1 1 1 ) ( I v ) ( v )  ‘—”— ( V I I ) ( V I I I)  (~

8 ,  5 , s )
7 ,  5 , s )
6 ,  5 , s )
8 , 1 , s )
7 ,  1 , s )
6 ,  l,s)
8 ,  4 , s )
6 ,  4 , s )
8 ,  2 , s )
7 ,  2 , s )
6 ,  2 , s )
9 ,  3 , s )
8 ,  3 , s )
7 ,  3 , s )
9 ,  6 , s )
8 ,  6 , s )
7 ,  6 , s )
9 ,  0 , ’ s )
7 ,  0 , s )
9 ,  7 , s )
7 ,  7 , s )
9 ,  5 , s )
7 ,  5 , s )
9 ,  1,s]
7 ,  1,s)
9 ,  8,s]
8 ,  8,s)
9 ,  4 , s ]
8 ,  4 , s ]
7 ,  4 , s ]
9 ,  2 , s ]
8 ,  2 , s ]
7 ,  2 , s ;
9 ,  9 , s ;
9 ,  3,s;
8 ,  3,s;
9 ,  6 , s ;
8 ,  6,s;
9 ,  7 , s ;
8 ,  7 , s:

9 ,  5 , s ,
8 ,  5,s;
8 ,  1 , s :

(Q)R
— —

6 ,  6 , s ) ? A 2 ° 7 a 6 0 3nu2  3021.97201
(Q)p 8 ,  7 , s )
(Q)Q 7 ,  7 , s )
(Q)P
(Q)Q
(Q)R
(Q)P
(Q)Q
(QjR
(Q)P
(Q)R
(Q)p
[:;:

(Q)P
(Q)Q
(Q)R
(Q)P
(Q)Q
[Op

p~

(Q)R
(Q)P
[:]:

(Q)R
(Q)p
(Q)Q
(Q)p
(Q)Q
[0$

(Q)Q
(Q)R
( 0 ) 0
(Q)Q
(Q)R
(Q)Q
(Q)R
(Q)Q
(Q)R
(Q)Q
(Q)R
(Q)R
(Q)Q
(Q)R
(Q)Q
(Q)R
(Q)R
(Q)Q
(Q)R
[:0:

(Q)Q
(Q)R
(Q)t7
(Q)Q
(Q)R
(Q)R
(Q)R
(Q)Q
(Q)Q
(Q)Q
(Q)R
(Q)R
(Q)R
(Q)p
{:2;

9
8
9
8
8

10
9

10

8 , s
8 , s
4 , s
4 , s
2 , s
9 , s
9 , s
3 , s

9 ,  3 , s
1 0 .  6 . s

9 ;  6;s
9 ,  0 , s

1 0 ,  7 , s
9 ,  7 , s
9 ,  5 , s
9 ,  1 , s

1 0 , 1 0 , s
1 0 ,  8 , s
1 0 ,  4 , s
9 ,  4 , s
9 ,  2 , s

1 0 ,  9 , s
1 2 ,  3 , s
1 0 ,  3 , s
1 2 ,  6 , s

7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
11
11
11
11

E’ 13
E’ 13
E’ 14
E’ 14
E’ 14
E’ 15
E’ 15
E’ 15
E“ 14
E“ 14
E“ 15
E“ 15
E“ 15
A2’ 8
A2’ 8
A2’ 8
A2° 8
A2° 8
A2” 8
A2° 9
A2” 9
E’
E’ ;:
E’ 16
E’ 16
E’ 17
E’ 17
E“ 15
E“ 15
E“ 16
E“ 16
E“ 16
E“ 17
E“ 17
E“ 17
A2’ 8
A2’  10
A2’  10
A2° 9
A2” 9
E’ 17
E’ 17
E’ 18
E’ 18
E’ 19
E“ 17
E“ 17
E“ 18
E“ 18
E“ 19
A2’ 8
A2’ 8
A2’  10
A2’  10
A2° 10
A2” 10
A2° 11
E’ 19
E’ 19
E’ 20
E’ 21
E“ 13
E“ 19
E“ 20
E“ 20
E“ 21
A 2 ’  10
A2’  12
A 2 ’  12.
A2° 11

a 7 0
a 7 0
a 5 0
a50
a 5 0
a 1 0
a10
a10
a 4 0
a 4 0
a 2 0
a 2 0
a 2 0
a 3 0
a 3 0
a 3 0
a 6 0
a 6 0
a 6 0
a O O
a O O
a 7 0
a 7 0
a 5 0
a  s o
a10
a10
a 8 0
a 8 0
a 4 0
a 4 0
a 4 0
a 2 0
a 2 0
a 2 0
a 9 0
a 3 0
a 3 0
a 6 0
a 6 0
a 7 0
a 7 0
a50
a 5 0
a10
a 8 0
a80
a 4 0
a 4 0
a 2 0
a 9 0
a 9 0
a 3 0
a 3 0
a 6 0
a 6 0
a O O
a 7 0
a 7 0
a50
a10
a10 O
a80
a 4 0
a 4 0
a 2 0
a 9 0
a 3 0
a 3 0
a 6 0

3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2

2734.98856
2893.63376
2716.57182
2874.62442
3013.26859
2700.04931
2857.52915
2995.66354
2710.16301
3006.44956
2702.01662
2859.56718
2997.76421
2675.90149
2852.79256
3010.45831
2694.13687
2871.74253
3030.06409
2670.31603
3004.42371
2703.74659
3040.35401
2686.43501
3021.79668
2670.92511
3005.08217
2715.55588
2893.93831
2680.41482
2857.48480
3015.32037
2672.77013
2849.52497
3007.07544
2894.40293
2841.84783
3018.73877
2859.61961
3037.22537
2868.97261
3046.93493
2852.11784
3029.42690
3013.67940
2880.45006
3058.83233
2846.25185
3023.32157
3015.55553
2879.31234
3077.40663
2830.40959
3026.33768
2846.90252
3043.62375
3021.03613
2855.61107
3052.72012
3036.32436
3021.61393
2895.03687
2866.30743
2834.47719
3030.61569
3023.36392
3080.87382
2585.11980
3033.41679
2599.39000

( V I )

=8=
0.1158E-03
0.1647E-02
0.1946E-03
0.5744E-03
0.5936E-03
0.2152E-03
0.1401E-04
0.7798E-03
0.2092E-.O3
0.7087E-03
0.2139E-03
0.6488E-04
0.7867E-03
0.2123E-03
O.131OE-O3
0.9755E-03
0.2066E-03
0.8130E-03
0.7534E-03
0.1975E-03
0. IO14E-02
0.9332E-04
0.2524E-03
0 . 1 0 5 5 E -0 3
0.4536E-03
0. I080E-03
0.4843E-03
0.6639E-04
0.1169E-02
0. I053E-03
0.1293E-03
0.4662E-03
O.1O48E-O3
0.2618E-04
0.4918E-03
0.1485E-02
0.5662E-04
0 . 5 3 4 8 E - 0 3
0.3144E-03
0.5176E-03
0.2611E-03
0.2326E-03
0.9107E-04
0.2712E-03
0.2563E-03
0.4465E-03
0.1594E-03
0.5024E-04
0.2708E-03
0.2645E-03
0.5229E-03
0.1722E-03
0.1749E-04
0.2741E-03
0. I088E-03
0.2889E-03
0.25S6E-03
0 . 1 0 0 4 E -0 3
0.1471E-03
0.1427E-03
0.1319E-03
0.4594E-03
0.1568E-03
0.1847E-04
0.1468E-03
0.1356E-03
0.2172E-03
0.1275E-04
0.1242E-03
O. 1543E-04

0.8248E-03
0.1123E-03
0.1796E-02
0.1890E-03
O.591OE-O3
0.6223E-03
0.1987E-03
0.1532E-04
0.8047E-03
0.1979E-03
0.7261E-03
0.1996E-03
0.6469E-04
0.7965E-03
0.1951E-03
0.1299E-03
0.9541E-03
0.1974E-03
0.8453E-03
0.7929E-03
0.1872E-03
0.9443E-03
0.8873E-04
0.2696E-03
0 . 1 0 0 9 E-0 3
0.4519E-03
0.9411E-04
0.4732E-03
0.6189E-04
0.1253E-02
0.9974E-04
0.1309E-03
0.4724E-03
0.9551E-04
0.2640E-04
0.4756E-03
0.1620E-02
0.4888E-04
0.5165E-03
0.3171E-03
0.5253E-03
0.2729E-03
0.2367E-03
0.9035E-04
0.2678E-03
0.2488E-03
0.4684E-03
0.1656E-03
0.4923E-04
0.2644E-03
0.2526E-03
0.5558E-03
0.1913E-03
0.1697E-04
0.2489E-03
0.1095E-03
0.2837E-03
0.2331E-03
0.9411E-04
0.1430E-03
0.1364E-03
0.1175E-03
0.4863E-03
0.1611E-03
0.1706E-04
0.1301E-03
0.1201E-03
0.1397E-03
0.1165E-04
O.1O73E-O3
0.1488E-04

- 7 . 7 1
3 . 0 1

- 9 . 0 6
2 . 8 6

- 2 . 8 8
- 4 . 8 4

7 . 6 6
- 9 . 3 8
- 3 . 2 0

5 . 3 9
- 2 . 4 6

6 . 6 6
0 . 2 9

- 1 . 2 4
8 . 0 9
0 . 8 3
2 . 1 9
4 . 4 4

- 3 . 9 7
‘ 5 . 2 4

5 . 2 0
6 . 8 7
4 . 9 2

- 6 . 8 0
4 . 3 8
0 . 3 8

1 2 . 8 7
2 . 2 9
6 . 7 8

- 7 . 2 2
5 . 2 8

‘ 1 . 2 4
- 1 . 3 3

8 . 8 7
- 0 . 8 2

3 . 2 9
- 9 . 0 7
1 3 . 6 8
3 . 4 2

- 0 . 8 5
- 1 . 4 9
- 4 . 5 3
- 1 . 7 5

0 . 7 9
1 . 2 4
2 . 9 4

- 4 . 9 0
- 3 . 8 7

2 . 0 0
2 . 3 8
4 . 5 0

- 6 . 2 9
- 1 1 . 0 7

2 . 9 5
9 . 2 0

‘ 0 . 6 7
1.81
8 . 7 9
6 . 2 7
2 . 8 1
4 . 4 1

1 0 . 9 5
- 5 . 8 6
- 2 . 7 7

7 . 6 5
1 1 . 3 9
1 1 . 4 2
3 5 . 7 0

8 . 6 3
1 3 . 5 8
3 . 5 9

=E
5
5

- 4
- 4
- 4

2
2
2
0
0
2
2
2
7
7

-:
- 3
- 3

2
2

- 8
- 8
2
2
2
2
4
5
5
5
5
4
4
4
5
1

;
6

- 2
- 2

8
8

- 1
- l o
- l o

7

:
- 1 3
- 1 3

0

1:
10
- 9

8
8

-:

-;
1

-:
1

- 1 5
- 1 5

3



Table VII1.-_Continuc.cl

T r a n s i t i o n

m ( 1 1 ) ( 1 1 1 ) ( I V ) ( v )

= (Q)Q  (11, 6,s) 11 A2” 11 a 6 0 = 2 8 3 3 . 7 8 2 8 2

139 (Q)Q (11
1 4 0  (Q)R  ( l o
141 (Q)Q (11
1 4 2  ( 0 ) 0  ( 1 1

1 3 8  (Q)R  ( 1 0 ,  6 , s ) 11 A2° 11 a 6 0 3nu2  3 0 4 9 . 4 3 7 1 5
11,s) 11 E’ 13 all O  3nu2 2895.85028

7 , s ) 11 E’ 21 a 7 0 3nu2  3057.89001
1 0 , s ) 11 E“ 1 4  a l O  O  3nu2  2 8 7 8 . 2 9 7 9 5
8.s) 11 E“ 21 a 8 0 3nu2 2851.70737. . . . .

143 (Q)R (10: 8:sj 11 E“ 2 1  a  8  0  3nu2 3 0 6 8 . 2 6 7 5 2
144 (Q)R  (lo, 40s) 11 E“ 2 2  a  4  0  3nu2 3 0 3 7 . 3 7 5 7 0

——.-.
I n t e n s i t y  ciata f r o m

———.--—-
experiuent p r e s e n t  a n a l y s i s

— — . —  .-.—-
(V1) ( V I I) ( V I I I )  (m

—— -
0 . 3 4 1 3 E - 0 4 0 . 3 4 7 9 E - 0 4 - 1 . 9 4 T
0.1372E-03 0.1316E-03 4 . 1 1 3
0.2593E-03 o.2722E-03 - 4 . 9 8 12
0.7831E-04 0.7034E-04 1 0 . 1 8 9
0 . 1 5 1 0 E -0 3 0.1529E-03 - 1 . 2 8 - 1 5
0.5198E-04 0.5097E-04 1 . 9 5 9
0.7570E-04 0.7301E-04 3 . 5 5
0.7553E-04

9
0.569sE-04 2 4 . 6 0 - 8



0(/3

Table IX.

Comparison of Measured and Calculated Line Intensities in 3V2s <-- a
— —  .  .  .

Intensity data from
. ——..

T r a n s i t i o n experiment p r e s e n t  a n a l y s i s

m ( I I ) ( 1 1 1 )
.——

( I v ) ( v ) ( V I ) ( V I I ) ( V I I I )  (m

_i (Q)R (  O ,  O,a) 1 A2$
2 (Q)P  ( 2, I,a)

1  S  O  0 = . 2 4 0 2 . 3 5 8 9 6 ms= 0 . 4 4 6 3 E - 0 2 3 . 3 7
1 3 . 2 6

3 (Q)Q ( 1, I,a)
4 (Q)p ( 3. 2a)
5
6

:
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3 0
31
32
33
34
35
36
37

::
4 0
41
42
43
44
45
46
47
48
49
5 0
51
52
53
54

z:
57
58
59
60
61
62
63
64
65

( 0 ) 0  (  2; 2;aj
(Q)Q (  2 ,  l,a)
(Q)R ( 1, l,a)
(Q)p ( . 4 ,  O,a)
(Q)R (  2, O,a)
(Q)p ( 4, 3, )
(Q)Q (  3 ,  3,2)
(Q)P  (  4 ,  2,a)
(Q)Q  (  3 ,  2,a)
(Q)p (  4, l,a)
(Q)Q  (  3 ,  l,a)
(Q)R (  2 ,  I,a)
(Q)F’  (  5 ,  3,a)
(Q)Q (  4 ,  3,a)
(Q)R (  3 ,  3,a)
(Q)P  (  5 ,  4,a)
(Q)Q (  4 ,  4,a)
(Q)P (  5, 2,a)
(Q)Q (  4 ,  2,a)
(Q)R (  3 ,  2,a)
(Q)P  (  5 ,  l,a)
(Q)R  (  3, l,a)
(Q)P (  6 ,  O,a)
(Q)R (  4 ,  O,a)
(Q)P (  6 ,  3,a)
(Q)Q (  5 ,  3,a)
(Q)R ( , 4 ,  3,a)
(Q)P (  6 ,  4,a)
(Q)Q  (  5 ,  4,a)
(Q)R  (  4 ,  4,a)
(Q)P (  6 ,  2,a)
(Q)Q (  5 ,  2,a)
(Q)R  (  4 ,  2,a)
(Q)P  (  6 ,  5,a)
(Q)Q (  5 ,  5,a)
(Q)P  (  6 ,  l,a)
(Q)R  (  4, I,a)
(Q)P (  7 ,  6,a)
(Q)Q (  6 ,  6,a)
(Q)P  (  7, 3,a)
(Q)Q (  6 ,  3,a)
(Q)R (  5, 3,a)
(Q)P  (  7 ,  4,a)
(Q)Q (  6 ,  4,a)
(Q)R (  5, 4,a)
(Q)P  (  7 ,  2,a)
(Q)R  (  5 ,  2,a)
(Q)P (  7 ,  5,a)
(Q)Q (  6 ,  5,a)
(Q)R (  5 ,  5,a)
(Q)P  (  7 ,  l,a)
(Q)R (  5 ,  I,a)
(Q)P  (  8 ,  6,a)
(Q)Q (  7 ,  6,a)
(Q)R  (  6, 6,a)
(Q)P (  8 ,  O,a)
(Q)R (  6 ,  O,a)
(Q)P (  8 ,  3,a)
(0)R (  6 ,  3,a)
(Q)P  (  8, 4,a)
(Q)R  (  6, 4,a)

1 E“
1 E“
2 E’
2 E’
2 E“
2 E“
3 A2’
3 A2’
3 A2”
3 A2”
3 E’
3 E’
3 E“
3 E“
3 E,,
4 A2°
4 A2°
4 A2-

4 E’
4 E’
4 E’
4 E’
4 E’
4 E“
4 E“
5 A2’
5 A2’
5 A2”
5 A2”
5 A2”
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E“
5 E“
5 E“
5 E“
6 A2’
6 A2’
6 A2”
6 A2M

6 A2°
6 E’
6 E’
6 E’
6 E’
6 E’
6 E“
6 E“
6 E“
6 E“
6 E“
7 A2’
7 A2’
7 A2’
7 A2’
7 A2’
7 A2°

*.2,.
~ E’
7 E’

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
1
1
1
1
1
1
1
1
1

2
2
1

:
2
1
1
1
1
1
1
1
1
2
2
1
1
1
2
2
1
1
1
2
2
1

;
1

s 1 0 3nu2
s 1 0 3nu2
s 2 0 3nu2
S 2 0 3nu2
s 1 0 3nu2
s 1 0 3nu2
s O 0 3nu2
s O 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 2 0 3nu2
s 2 0 3nu2
s 1 0 3nu2
s 1 0 3nu2
s 1 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 4 0 3nu2
s 4 0 3nu2
s 2 0 3nu2
s 2 0 3nu2
s 2 0 3nu2
s 1 0 3nu2
s 1 0 3nu2
s 0 0 3nu2
s 0 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 4 0 3nu2
s 4 0 3nu2
s 4 0 3nu2
s 2 0 3nu2
s 2 0 3nu2
s 2 0 3nu2
s 5 0 3nu2
s 5 0 3nu2
s 1 0 3nu2
s 1 0 3nu2
s 6 0 3nu2
s 6 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 4 0 3nu2
s 4 0 3nu2
s 4 0 3nu2
s 2 0 3nu2
s 2 0 3nu2
s 5 0 3nu2
s 5 0 3nu2
s 5 0 3nu2
s I 0 3nu2
s i o 3nu2
s 6 0 3nU2
s 6 0 3nU2
s 6 0 3nU2
s o 0 3nu2
s o 0 3nu2
s 3 0 3nu2
s 3 0 3nu2
s 4 0 3nu2
s 4 0 3nu2

2343.13440
2382.88025
2322.72884
2382.32528
2381.13237
2420.87830
2298.88455
2437.76S49
2302.26532
2381.69542
2300.35000
2379.71926
2299.24542
2378.57816
2438.14735
2279.09260
2378.23141
2457.66142
2281.74801
2380.99309
2277.30618
2376.36996
2455.73912
2276.27792
2454.62970
2252.47428
2470.06825
225!5.35022
2374.10109
2473.23984
2257.78726
2376.66377
2475.90865
2253.71724
2372.37841
2471.44212
2261.18347
2380.22333
2252.77977
2470.40638
2240.58060
2379.39339
2231.18055
2369.42608
2488.17696
2233.36745
2371.75868
2490.63498
2229.72180
2466.52698
2236.43352
2375.01342
2494.05320
2228.88824
2485.57871
2215.03318
2373.28076
2512.09349
2204.52397
2499.98952
2206.73522
2!502.59466
2208.64595
2504.81189

0.2395E-02
0.3317E-02
0.1873E-02
0.6223E-02
0.1515E-02
0.3744E-02
0.5080E-02
0.1258E-01
0.2792E-02
0.1609E-01
0.2077E-02
0.3272E-02
0.2449E-02
0.7223E-03
0.5125E-02
0.2764E-02
0.8260E-02
0.6941E-02
0.9221E-03
0.8708E-02
0.1577E-02
0.1646E-02
0.5337E-02
0.1683E-02
0.5619E-02
0.2027E-02
0.1128E-01
0.1901E-02
0.3947E-02
0.8992E-02
0.8384E-03
0.4057E-02
0.3000E-02
0.1027E-02
0.7899E-03
0.5177E-02
0.5781E-03
0.7976E-02
0.1026E-02
0.5011E-02
0.6755E-03
0.1300E-01
0. I080E-02
0.1718E-02
0.7943E-02
0.S650E-03
0.1847E-02
0.3412E-02
0.5336E-03
0.4069E-02
0.4686E-03
0 . 3 5 2 4 E - 0 2
0.2356E-02
0.5353E-03
0.4145E-02
0.5167E-03
0.5333E-02
0.3419E-02
0.4664E-03
0.5694E-02
0.5003E-03
0.5325E-02
0.2539E-03
0.2740E-02

0.2077E-02
0.2896E-02
0.1696E-02
0.5597E-02
0.1325E-02
0.3300E-02
0.4772E-02
0.1137E-01
0.2457E-02
0.1444E-01
0.1924E-02
0.2930E-02
0.2278E-02
0.6937E-03
0.5148E-02
0.2565E-02
0.7560E-02
0.6212E-02
0.8189E-03
0.7631E-02
0.1538E-02
0.1535E-02
0.4863E-02
0.1665E-02
0.5758E-02
0.2118E-02
O.1O88E-O1
0.1867E-02
0.3798E-02
0.8189E-02
0.7843E-03
0.3832E-02
0.2614E-02
0 . 1 0 1 1 E -0 2
0.7713E-03
0 . 4 9 1 0 E -0 2
0.5076E-03
0.7049E-02
0 . 1 0 4 8 E -0 2
0.5316E-02
0.5878E-03
0.1171E-01
0.1112E-02
0.1796E-02
0.7533E-02
0.5201E-03
0.1811E-02
0.3165E-02
0.5723E-03
0.4080E-02
0.4447E-03
0.3329E-02
0.2049E-02
0.5787E-03
0.4228E-02
0.4700E-03
0.5147E-02
0.3002E-02
0.5653E-03
0.5923E-02
0.5697E-03
0.5680E-02
0.2816E-03
0.2657E-02

12.71
9 . 4 7

1 0 . 0 5
12.53
1 1 . 8 5
6 . 0 6
9 . 5 8

1 1 . 9 9
10.27
7 . 3 8

1 0 . 4 6
7 . 0 0
3 . 9 6

- 0 . 4 4
7 . 1 9
8 . 4 7

10.51
1 1 . 1 9
12.37
2 . 4 6
6 . 7 7
8 . 8 8
1 . 0 4

- 2 . 4 7
- 4 . 4 9

3 . 5 7
1 . 8 0
3 . 7 7
8 . 9 3
6 . 4 5
5 . 5 6

12.86
1 . 5 3
2 . 3 6
5 . 1 6

1 2 . 1 9
11.62
- 2 . 1 6
- 6 . 0 9
1 2 . 9 9
9 . 9 5

- 3 . 0 0
- 4 . 5 6

5 . 1 7
7 . 9 4
1 . 9 5
7 . 2 3

- 7 . 2 5
- 0 . 2 7

5 . 0 9
5 . 5 2

13.05
- 8 . 1 1
- 2 . 0 1

9 . 0 3
3 . 4 8

12.19
- 2 1 . 2 1

- 4 . 0 3
- 1 3 . 8 8

- 6 . 6 6
- 1 0 . 9 0

3 . 0 5

T
5
5
4

;

-:
- 3

4
4

- 1
- 1
- 3
- 3
- 3
- 2
- 2
- 2

5
5

- 4
- 4
- 4
- 4
- 4
- 2
- 2
- 4
- 4
- 4
- 2
- 2
- 2
- 3
- 3
- 3

6
6

- 2
- 2

6
6

- 2
- 2
- 2
- 3
- 4
- 4

0
0

- 3
- 3
- 3

1

-:
- 4
- 4

6
6
1
1

- 1
- 1

—_____
N o t e . ( I ) S e r i a l  n u m b e r  ;(II)Assi9nment;(  III)Iden~ficatiOn of the uPPer  level ;(xv)vibrational b a n d ;
<V)Ohserved  wavenumber in cm-l;(VZ)So  i n  c m - 2  atm-l a t  296K;(vII)sc inCIn-2  atm-1  a t  296K;
( V I I I ) SO

-S C / SO  in %:(Obs-Calc)wavenumber  i n  1 0 - 3  c m - 1
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Table IX._.Continued

I n t e n s i t y  d a t a  f r o m
.——.

T r a n s i t i o n experiment p r e s e n t  a n a l y s i s

m ( 1 1 ) ( 1 1 1 )
— . .  -—

( I v ) ( v ) ( V I ) ( V I I ) ( V I I I)

= (Q)P ( 8, 2,a)
67 (C))P ( 8, 7,a)
68 (Q)Q ( 7, 7,a)
69 (Q)P ( 8, 5,a)
70 (Q)R  ( 6, 5ta)
71 (Q)P ( 8, l,a)
72 (Q)R  ( 6, I,a)
73 (Q)P ( 9, 6,a)
74 (Q)R  ( 7, 6,a)
75 (Q)P ( 9, 3,a)
76 (Q)R  ( 7, 3,a)
77 (Q)Q ( 8, 8,a)
78 (Q)P ( 9, 4,a)
79 (Q)R  ( 7, 4a)
80 (Q)P ( 9, 2,a)
81 (Q)R  ( 7, 2,t.1)
82 (Q)P  ( 9, 7,a)
83 (0)0 ( 8, 7,a)
84 (Q)R  ( 7, 7,a)
85 (Q)P ( 9, 5,a)
86 (Q)R  ( 7, 5,a)
87 (Q)R  ( 7, l,a)
88 (Q)R  ( 8, 6,a)
89 (Q)R  ( 8, O,a)
90 (Q)Q  ( 9, 9,a)
91 (Q)R  ( , 8 ,  3,a)
92 (Q)Q ( 9, 8,a)
93 (Q)R ( 8, 8,a)
94 (Q)R  ( 8, 4,a)
95 (Q)R  ( 8, 2,a)
96 (Q)R  ( 8, 7,a)
97 (Q)R  ( 8, l,a)
98 (Q)R  ( 9, 6,a)
9 9  (Q)Q ( 1 0 ,  9,a)

100 (Q)R  ( “9, 9,a)
lol (Q)R  ( 9, 3,a)
1 0 2  ( 0 ) 0  (10, lO,a)
103 (Q)R  ( 9, 8,a)
104 (Q)R  ( 9, 4,a)
105 (Q)R  ( 9, 7,a)
106 (Q)R  ( 9, S,a)
107 (Q)R  ( 9, l,a)
1 0 8  (Q)R  ( 1 0 ,  6,a)
1 0 9  (Q)R  ( 1 0 ,  O,a)
1 1 0  (Q)R  ( 1 0 ,  9,a)
111 (Q)R  ( 1 0 ,  3,a)
112  (Q)R  (10, lO,a)
1 1 3  (Q)R  ( 1 0 ,  8,a)
1 1 4  (Q)R  ( 1 0 ,  7,a)
1 1 5  (Q)R ( 1 0 ,  5,a)
1 1 6  (Q)R  ( 1 1 ,  9,a)

— ——
.—. - — —  ——.

——
7 E’ 2 s 2 0
7 E“ 1 s 7 0
7 E“ 1 S 7 0
7 E“ 2 s 5 0
7 E“ 2 s 5 0
7 E“ 4 s 1 0
7 E“ 4 s 1 0
8 A2’ 1 s 6 0
8 A2’ 1 s 6 0
8A2’’2s3O
8 A2° 2 s 3 0
8’E’ 1 s 8 0
8 E’ 2 s 4 0
8 E’ 2 s 4 0
8 E’ 4 s 2 0
8 E’ 4 s 2 0

.8 E“ 1 S 7 0
8 E,, 1 s 7 0
8 E“ 1 s 7 08 E,, 2 s 5 0
8 E,, 2 s 5 0
8 E,, 4 s 1 0
9 A2’ 1 s 6 0
9 A2’ 3 s 0 0
9 A2S’  I S 9 0
9 A2° 2 s 3 0
9 E’ 1 s 8 0
9 E’ 1 s 8 0
9 E’ 3  S “ 4 0
9 E’ 6 s 2 0
9 E“ 1s70
9 En 5 s 1 0

10 A 2 ’ 2 s 6 0
10 A2° 1 s 9 0
1 0  A 2 ” 1 s 9 0
10A2”  3 s 3 0
10 E’ 1 Slo o
10 E’ 2 s 8 0
10 E’ 5 s 4 0
10 E“ 1 s 7 0
10 E“ 4 s 5 0
10 E“ 6 s 1 0
:; A 2 ’  3 s 6 0

A2’ 5 s 0 0
11 A2” 2 s 9 0
11 A2M 4 s 3 0
11 E’ Slo o
11 E’ . j s 80
11 E,, 3 s 7 0
11 E“ 6 s 5 0
12 A2° 1 s 9 0

m
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nu2
3nd2
3nu2
3nu2
3nu2
3nu2
3nu2

2205.4739~
2219.95062
2378.51289
2211.34705
2507.91290
2204.7S681
2500.26544
2189.28482
2525.06455
2182.19294
2516.62828
2377.59377
2183.79665
2518.57801
2181.14138
2515.33618
2193.58914
2371.46802
2530.03024
2186.09910
2521.32712
2514.60030
2537.70591
2528.53266
2376.64975
2530.42933
2369.57979
2547.86669
2532.08473
2529.34306
2542.08254
2528.73047
25!50.  18484
2367.62298
2565.60788
2544.15380
2375.69604
2558.93866
2545.49402
2553.93339
2547.44532
2542.81450
2562.67757
2556.91542
257S.72064
2557.98108
2583.26095
2569.99358
2565.76100
2560.48772
2585.77378

0 . 2 4 9 5 E - 0 3
0.1757E-03
0.5010E-02
0 . 2 5 5 4 E - 0 3
0.2475E-02
0 . 2 8 3 3 E - 0 3
0 . 2 8 2 0 E - 0 2
0.2412E-03
0.3244E-02
0.2002E-03
0.3397E-02
0.3534E-02
0. I085E-03
0.1766E-02
0.9965E-04
0.1689E-02
0. I176E-03
0.1966E-02
0.1220E-02
0.1139E-03
0.1790E-02
0.1661E-02
0.2146E-02
0.1705E-02
0 . 4 6 0 6 E - 0 2
0.1855E-02
0.1134E-02
0.7906E-03
0.9847E-03
0.9100E-03
0. I024E-02
0.8798E-03
0. I141E-02
0.1295E-02
0.9678E-03
0.9151E-03
0.1346E-02
0.!5933E-03
0.4771E-03
0.6240E-03
0.5290E-03
0.4058E-03
0.5190E-03
0.3366E-03
0.6835E-03
0.3745E-03
0.2817E-03
0.3258E-03
0.2907E-03
0.2292E-03
0.2973E-03

0.2844E-03
0.1592E-03
0.4435E-02
0.2687E-03
0.2272E-02
0.28!32E-03
0.2954E-02
0.2585E-03
0.3046E-02
0.2562E-03
0.3686E-02
0 . 3 0 9 3 E - 0 2
0.1309E-03
0.1822E-02
0.1255E-03
0.1839E-02
0.1160E-03
0.1804E-02
O.1O31E-O2
0.1322E-03
0.1740E-02
0.1831E-02
0.2127E-02
0.2018E-02
0.3994E-02
O.21O3E-O2
0.1159E-02
0.6645E-03
O.1O75E-O2
0. I029E-02
0.9565E-03
O.1O14E-O2
O.121OE-O2
0.1375E-02
0.8046E-03
0 . 1 0 6 7 E -0 2
0.1198E-02
0.5726E-03
0.5571E-03
0.6088E-03
0.5830E-03
0.5046E-03
0.5911E-03
0.448~E-03
0.6133E-03
0.4851E-03
0.2290E-03
0.3277E-03
0.3154E-03
0.2750E-03
0.3390E-03

- 1 4 , 0 0
9 . 3 7

1 1 . 4 8
‘ 5 . 2 0

8 . 2 0
0 . 0 3

- 4 , 7 3
- 7 . 1 8

6 . 1 2
- 2 7 . 9 9

‘ 8 . 5 0
1 2 . 4 8

- 2 0 . 6 1
- 3 . 1 9

- 2 5 . 9 1
- 8 . 9 0

1 . 3 2
8 . 2 6

1 5 . 5 0
- 1 6 . 0 9

2 . 8 0
- 1 0 . 2 4

0 . 8 9
- 1 8 . 3 8

1 3 . 2 8
- 1 3 . 3 7

- 2 . 1 9
1 5 . 9 5
- 9 . 1 4

- 1 3 . 1 3
6 . 6 0

- 1 5 . 3 0
- 6 . 0 6
- 6 . 1 5
1 6 . 8 6

- 1 6 . 6 2
10.96
3 . 4 9

- 1 6 . 7 7
2 . 4 4

~lo.22
‘ 2 4 . 3 5
- 1 3 . 8 9
- 3 3 . 1 7

1 0 . 2 8
- 2 9 . 5 4

1 8 . 7 2
- 0 . 5 7
‘ 8 . 5 1

- 1 9 . 9 9
- 1 4 . 0 3

(ix-)

:
6
6

- 4
- 4

6
6

- 3
- 3

4
4
6
2

:
6

- 4
- 4
- 4

:

;
4
4
3

- 5
- 5

2
3

- 2
4
0

- 5
- 5
- 4

1

-:
1

-:
- 4
- 4

2
- 6
- 4

5

-:
- 6
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Table X.

Comparison of Measured and Calculated Line Intensities in V2+V4 s,a <-- s
. — — . .

I n t e n s i t y  d a t a  f r o m

T r a n s i t i o n
——..—

experiment p r e s e n t  a n a l y s i s

m (11) (111) (Iv) (v) (VI)  – (VII) (VIII)

7 (P)P ( 1,
2 (R)Q(  1,
3 (P)P ( 2,
4 (P)Q( 1,
5 (P)P ( 20

6 (P)P ( 3,
7 (R)P  ( 3,
8 (R)R( 1,
9 (R)P ( 3,

IO (R)R  ( 1,
11 (P)P ( 3,
12 (P)Q ( 2,
1 3  (P)R(l,
14 (P)P ( 3,
15 (P)P ( 4,
1 6  *(0)P  (  4 ,
17 (R)Q ( 3,
18 *(S)Q (  3 ,
19 (R)P ( 4,
20 (R)Q ( 3,
21 (R)R  ( 2,
2 2  8(s)Q ( 3 ,
23 (P)P ( 4,
24 (P)Q ( 3,
25 (P)P ( 4,
26 (R)P ( 4,
27 (R)Q ( 3,
28 (R)R  ( 2,
29 (P)P ( 4,
30 (P)Q ( 3,
31 ● (fJ)p ( 4,
32 (R)P ( 5,
33 (R)Q ( 4,
34 (R)R ( 3,
35 (P)P ( 5,
36 (P)Q ( 4,
3 7  *(o)p  (  5 ,
38 (R)P ( 5,
39 (P)P ( 5,
40 (R)P ( 5.
41 (R)Q ( 4,
4 2  .(S)Q (  4 ,
43 (P)Q ( 4,
4 4  O(Q)Q ( 4 ,
45 (P)P ( 5,
46 ● (S)p ( 5,
47 ● (S)Q ( 4,
48 (R)P ( 5,
49 (R)Q ( 4,
50 (R)R ( 3,
51 (P)P ( 5,
52 (P)Q ( 4,
53 (R)P ( 6,
54 (R)Q ( 5,
55 (R)R  ( 4,
56 ● (o)p ( 6,
57 (P)P ( 6,
5 8  .(o)p (  6 ,
59 (R)O ( 5,
6 0  D(S)Q ( 5 ,
61 (P)P ( 6,
62 (R)P  ( 6,
63 (R)Q ( 5,
6 4  *(S)Q ( 5 ,
65 (P)P ( 6,

1 , s )
0 , s )
1 , s )
1 , s )
2 , s )
3 , s )
0 , s )
0 , s )
1 , s )
1 , s )
?0s)
1 , s )
1 , s )
2 , s )
3 , s )
3 , s )
0 , s )
0 , s )
1 , s )
1 , s )
1 , s )
1 , s )
1 , s )
1 , s )
4 , s )
2 , s )
2 , s )
2 , s )
2 , s )
2 , s )
2 , s )
3 , s )
3 , s )
3 , s )
3 , s )
3 , s )
3 , s )
0 , s )
5 , s )
1 , s )
1 , s )
1 , s )
1 , s )
1 , s )
4 , s )
2 , s )
2 , s )
2 , s )
2 , s )
2 , s )
2 , s )
2 , s )
3 , s )
3 , s )
3 , s )
3 , s )
6 , s )
6 , s )
0 , s )
0 , s )
5 , s )
1 , s )
1 , s )
1 , s )
1 , s )

O E’ tsoi
1 A2° 1 s 1 1
1 E’ 1 s 0 1
1 E’ 1 s 0 1
1 EM 2 s 1-1
2 A2’ 1 s 2-1
2 A2° 1 s 1 1
2 A2’”  1 Sll
2 E’ 2 s 2 1
2 E’ 2 s 2 1
2 E’ 3 s 0 1
2 E’ 3 s 0 1
2 E’ 3 s 0 1
2 E“ 2 s 1-1
3 A2’ 2 s 2-1
3 A2’ 3all
3 A2° 2 s 1 1
3 A2° 3 a 2-1
3 E’ 2 s 2 1
3 E’ 2 s 2 1
3 E’ 2 s 2 1
3 E’ 3 a 3-1
3 E’ 4 s 0 1
3 E’ 4s0’1
3 ~,, 2 s 3-1
3 E“ 3 s 3 1
3 ~,, 3 s 3 1
3 E“ 3 s 3 1
3 E“ 4 s 1-1
3 E,, 4 s 1-1
3 E“ 6aOl
4 A2’ 1 S 4 1
4 A2’ 1 S 4 1
4 A2’ 1 S 4 1
4 A2’. 2 s 2-1
4 A2’ 2 s 2-1
4 A2’ 3all
4 A2” 3 S1 1
4 E’ 3 s 4-1
4 E’ 4 s 2 1
4 E’ 4 s 2 1
4 E’ 5 a 3-1
4 E’ 6 s 0 1
4 E’ 8 a 1-1
4 E“ 2 s 3-1
4 E,, 3 a 4-1
4 E* 3 a 4-1
4 E,, 4 s 3 1
4 E,, 4 s 3 1
4 E“ 4 s 3 1
4 E,, 5 s 1-1
4 E,, 5 s 1-1
5 A2’ 3 s 4 1
5 A2’ 3 s 4 1
5 A2’ 3 s 4 1
5 A2’ 5all
5 A2° 2 s 5-1
5A2’’3a4l
5 A2° 4 s 1 1
5 A2° 5 a 2-1
5 E’ 3 s 4-1
5 E’ 5 s 2 1
5 E’ 5 s 2 1
5 E’ 6 a 3-1
5 E’ 7 sol

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24  .
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
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nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

~24.35005
2539.32011
2505.21039
2544.97616
2509.45551
2494.15364
2482.17009
2581.51838
2474.84797
2574.21193
2486.86308
2546.46099
2586.22677
2491.06980
2476.51890
2542.60534
2541.67426
2566.26140
2456.98077
2536.35050
2595.94834
2547.13932
2469.37589
2548.74552
2478.45030
2449.51292
2528.92016
2588.54611
2473.48104
2552.88787
2523.67282
2423.77159
2522.95718
2602.42682
2459.68167
2558.86726
2519.51733
2449.35160
2462.35303
2439.62165
2538,68380
2548.81178

“2551.87568
2586.35800
2461.56809
2428.34322
2527.45134
2433.75109
2532.85931
2612.26634
2456.71733
2555.82551
2408.28844
2527.09025
2626.27578
2508.35130
2445.86984
2552.96526
2545.72084
2569.70851
2446.22530
2422.67537
2541.33152
2550.98189
2437.22698

———
0.2878E-03
0.1798E-02
0.4963E-03
0.2796E-03
0.7038E-03
0.1734E-02
0.2148E-02
0.6725E-C13
0.1585E-C~3
0:6521E-03
0.6954E-03
0.3333E-C)3
0.3623E-04
0.8189E-03
0.1771E-02
0.5772E-C)4
0.2543E-C)2
0.1525E-03
0.2308E-03
0.9171E-03
0.3070E-03
0.8439E-04
0.8114E-03
0.2544E-03
0.9730E-03
0.1234E-03
0.7736E-03
O.1O62E-O2
0.8480E-03
0.1519E-03
0.2226E-04
0.1733E-03
0.1505E-02
0.2612E-02
0.1609E-02
0.7091E-04
0.9588E-04
0.1943E-02
0.8080E-03
0.1975E-03
0.8373E-03
0.1729E-03
0.1348E-03
0.3979E-04
0.8021E-03
0.2134E-04
0.1135E-03
0.1585E-03
0.8603E-03
0.4898E-03
0.7782E-03
O.1O42E-O3
0.2478E-03
0.1722E-02
0.1150E-02
0.6226E-04
0.1181E-02
0.5253E-04
0.1564E-02
0.2596E-03
0.6223E-03
0.1167E-03
0.6187E-03
0.2212E-03
0.6896E-03

0.2734E-03
0.1741E-02
-0.4759E-03
0.2650E-03
0.6605E-03
0.1672E-02
0.1654E-02
0.6344E-03
0.1496E-03
0.6186E-03
0.6607E-03
0.3164E-03
0.3311E-04
0.7795E-03
0.1707E-02
0.5119E-04
0.i461E-02
O.151OE-O3
0.2226E-03
0.8738E-03
0.2940E-03
0.7592E-04
0.7827E-03
0.2429E-03
0.8368E-03
0.1173E-03
0.7360E-03
0.9988E-03
0.8187E-03
0.1421E-03
0.2114E-04
0.1702E-03
0.1473E-02
0.2511E-02
0.1545E-02
0.7066E-04
0.5679E-04
0.1970E-02
0.7248E-03
0.1940E-03
0.8185E-03
0.1628E-03
0.1342E-03
0.4880E-04
0.7673E-03
0.2625E-04
0.1125E-03
0.1529E-03
0.8260E-03
0.4806E-03
0.7602E-03
O.1O4OE-O3
0.2420E-03
0. 1702E-02
0.1155E-02
0.5285E-04
0.1124E-02
0.5547E-04
0.1573E-02
0.2772E-03
0.6033E-03
0.1215E-03
0.6144E-03
0.2130E-03
0.6883E-03

5 . 0 1
3 . 1 6
4 . 1 2
5 . 2 3
6 . 1 5
3 . 6 0

2 2 . 9 9
5 . 6 6
5 . 6 2
5 . 1 4
5 . 0 0
5 . 0 7
8 . 6 2
4 . 8 1
3 . 6 1

11.31
3 . 2 1
1.01
3 . 5 7
4 . 7 2
4 . 2 2

10.03
3 . 5 4
4 . 5 1

1 4 . 0 0
4 . 9 8
4 . 8 6
5 . 9 5
3 . 4 5
6 . 4 3
5 . 0 4
1 . 8 2
2 . 1 6
3 . 8 5
3 . 9 8
0 . 3 6

4 0 . 7 7
- 1 . 3 9
10.30

1.75
2 . 2 5
5 . 8 7
0 . 4 7

- 2 2 . 6 5
4 . 3 4

- 2 3 . 0 0
0 . 9 2
3 . 5 1
3 . 9 9
1.87
2 . 3 1
0 . 2 0
2 . 3 3
1.17

- 0 . 4 3
15.11
4 . 7 9

- 5 . 6 1
- 0 . 5 7
- 6 . 8 0

3 . 0 6
- 4 . 1 0

0 . 7 0
3 . 6 9
0 . 1 9

- 3
- 3
- 5

. - 6
- 2
- 1
- 2
- 2

0
0
0

- 2
- 1

8

:
2
2
2

- 1
2

-:
- 2
- 1
- 2

1

:
- 1
- 1
- 1

1
1

- 1 0

-;
4
5

- 1
5
3
0
1
2
1
1
1
2

;
3
3

u
- 2

8
4
0
4
4

- 1
4

N o t e . ( I ) S e r i a l  number ;(II)Ass_~nment:(  II I)Identification  O f  t h e  u p p e r  l e v e l  ;(IV)Vibrational  b a n d ;
— —  —— . .

(V)Observed  w a v e n u m b e r  i n  C M - l ;  (VI)SO i n  c m - 2  atm-1 at 296K;(VXI)SC  incm-2 atm-1 at 296K;
(VIJI).SO-sC/SO jn %,.[tlbs-calc)wavenumber  i n  1 0 - 3  c m - 1
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——
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5 E’ 7m (P)cl
6 7  k(o)p
68 .(Q)Q

6 9  (R)P
7 0  (R)Q
7 1  (R)R
7 2  (P)P
7 3  ;(S)Q

7 4  (R)P
7 5  (R)Q
7 6  (R)R
7 7  (P)P
7 8  (P)Q
7 9  (R)P
8 0  (R)R
8 1  (P)P
8 2  (P)Q
8 3  (P)R
8 4  (P)P
8 5  (P)Q
8 6  (R)P
8 7  (R)R
88 ● (s)p
8 9  (P)P
9 0  (R)Q
9 1  (R)R
9 2  (P)P
9 3  (R)P
9 4  ;(S)Q

9 5  (P)P
9 6  (P)Q
9 7  .(o)p
98 ● (Q)Q

9 9  (R)P
1 0 0  (R)Q
101 (R)R
1 0 2  (P)P
103 ● (S)Q
1 0 4  (R)P
1 0 5  (R)Q
1 0 6  .(P)P
1 0 7  (P)o
108 ● (0)P
1 0 9  (R)Q
1 1 0  (R)R
1 1 1  (P)P
1 1 2  (P)R
1 1 3  (R)Q
1 1 4  (R)R
1 1 5  (P)P
1 1 6  (P)Q
1 1 7  (P)R
118 ● (0)P
1 1 9  (R)Q
120 *(S)Q
1 2 1  (P)P
1 2 2  (R)Q
1 2 3  (R)R
1 2 4  (P)P
1 2 5  (P)R
1 2 6  (R)Q
127 *(S)Q
1 2 8  (P)P
1 2 9  (P)R
1 3 0  (R)Q
1 3 1  (R)R
1 3 2  (P)P
1 3 3  (P)R
:;: [:;:

1 3 6  (P)R

5 ,  1 , s )
6 ,  5 , s )
5 ,  1 , s )
6 ,  4 , s )
5 ,  4 , s )
4 ,  4 , s )
6 ,  4 , s )
5 ,  2 , s )
6 ,  2 , s )
5 ,  2 , s )
4 ,  2 , s )
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5 ,  2 , s )
7 ,  3 , s )
5 ,  3 , s )
7 ,  3 , s )
6 ,  3 , s )
5 ,  3 , s )
7 ,  6 , s )
6 ,  6 , s )
7, 0 . s )
59 o:sj
7, 0.$s)
7 ,  7;sj
6 ,  5 , s )
5 ,  5 , s )
7 ,  5 , s )
7 ,  1 , s )
6 ,  l,s)
7 ,  1 , s )
6 ,  l,s)
7 ,  5 , s )
6 ,  l,s)
7 .  4 , s )
6 ,  4 , s )
5 ,  4 , s )
7 ,  4 , s )
6 ,  2 , s )
7 ,  2 , s )
6 ,  2 , s )
7 ,  2 , s )
6 ,  2 , s )
7 ,  4 , s )
7 ,  3 , s )
6 ,  3 , s )
8 ,  3 , s )
6 ,  3 , s )
7 ,  6 , s )
6 ,  6 , s )
8 ,  6 , s )
7 ,  6 , s )
6 ,  6 , s )
8 ,  6 , s )
7 ,  0 , s )
7 ,  0 , s )
8 ,  7 , s )
7 ,  5 , s )
6 ,  5 , s )
8 ,  5 , s )
6 ,  5 , s )
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6 ,  4 , s )
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5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
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6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
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E’ 9
E“ 3
E“ 3
E“ 3
E“ 4
~,t 5

E“ 6
E“ 6
~,a 6
E,, 7
E“ 7
A2’ 3
A2’ 3
A2’ 4
A2’  4
A2’  4
A2° 2
A2” 2
A2” 4
A2 M 4
A2° 5
E’
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E’
E’
E’
E’
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E’
E’
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E,,
~,,
E,,
E“
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E“
E,,
~,,

E“
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A2’
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A2 ‘
A2’
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A2°
A2°
A2°
A2W
A.2,(
AZ,,
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E’
E’
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E ,8
~,,
E M
E ,4
~ M
E M
E,,

3
4
4
5
7
8
9
9

10
11

4
4
4
6
7
8
8
9
9
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5
5
6
6
2

;
3
3
4
5
6
4
5
5
6
6
8
9

10
10

:
8
8

10
11
11

s o l
a31
a  1-1
5 5 1
5 5 1
S 5 1
s 3-1
a 4-1
S 3 1
S 3 1
5 3 1
s 1-1
s 1-1
S 4 1
S 4 1
s 2-1
s 2-1
s 2-1
s 5-1
s 5-1
5 1 1
Sll
a 2-1
S 6-1
s 6 1
s61
s 4-1
S 2 1
a 3-1
s o l
s o l
a 3
a 1-
S5
S 5
S5
s 3-
a 4-
S 3
S 3
s 1-
S 1-
a 2
5 4
S 4
s 2-
S 2-
S 7
S7
s 5-
S 5-
S 5-
a 4
S1
a 2-
S 6-
S 6
s 6 1
s 4-1
s 4-1
S 2 1
a 3-1
s o l
sol
5 5
S5
s 3-
S 3-
S 3
s 1-
S 1-

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
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nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
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2555.88310
2536.67786
2588.35971
2397.61607
2516.54817
2615.84262
2445.46466
2528.79288
2418.03181
2536.74236
2635.85063
2440.80735
2559.51795
2393.34113
2650.44640
2428.42338
2566.72769
2685.52874
2430.50325
2569.38711
2420.23778
2676.98924
2434.11743
2429.00825
2509.68181
2628.78159
2430.85397
2406.08912
2553.66660
2422.61904
2560.75129
2518.02695
2590.95000
2382.98570
2521.43668
2640.36825
2430.13444
2530.74172
2402.68279
2540.87998
2425.77212
2563.96867
2500.49578
2536.51275
2674.81623
2413.95884
2709.92858
2502.34629
2641.23000
2415.86210
2574.18369
2713.06757
2515.99381
2551.19666
2575.28844
2414.41325
2515.41770
2654.06182
2416.21954
2712.91630
2547.34084
2556.86352
2408.91587
2704.53024
2526.73036
2 6 6 5 . 1 8 1 2 6
2 4 1 5 . 5 6 6 2 5
2 7 1 1 . 8 5 2 8 3
2545.23882
2 4 1 1 . 6 1 6 0 6
2707.36367

mimE=&i
0.3838E-04
0.4431E-04
0.6140E-04
0.7439E-03
0.1403E-02
0.6401E-03
O.71O8E-O4
0.1563E-03
0.8304E-03
0.2080E-03
0.6282E-03
0.6256E-04
0.2206E-03
0.4321E-03
0.8700E-03
0.1644E-04
0.1456E-03
0.8683E-03
0.3748E-04
O.1O19E-O2
0.1180E-03
0.1570E-03
0.4148E-03
0.5748E-03
0.1344E-02
0.4471E-03
0.5605E-04
0.2034E-03
0.5053E-03
0.1288E-04
0.2784E-04
0.3902E-04
0.7834E-04
0.7268E-03
0.5791E-03
0.4417E-03
0.3323E-04
O.1O67E-O3
0.6087E-03
0.4564E-03
0.2115E-04
0.2352E-04
0.9038E-03
0.1241E-03
0.5464E-03
0.2210E-03
0.8746E-03
0.2325E-02
0.5670E-03
0.4659E-04
0.7809E-04
0.4253E-04
0.5893E-03
0.1604E-03
0.2832E-03
0.5342E-03
0.5100E-03
0.2762E-03
0.7674E-04
0.2327E-03
0.1503E-03
0.3082E-03
0.9527E-04
0.5185E-03
0.1891E-03
0.2712E-03
0.9608E-04
0.3825E-03
0.2800E-03
O.1O11E-O3

0.5245E-04
0.3193E-04
0.5415E-04
0.5753E-04
0.6661E-03
0.1359E-02
0.6175E-03
0.7430E-04
0.1444E-03
0.7727E-03
0.2297E-03
0.6244E-03
0.5601E-04
0.2095E-03
0.4533E-03
0.8827E-03
0.1474E-04
0.1408E-03
0.8535E-03
0.3706E-04
O.1O75E-O2
0.1216E-03
0.1181E-03
0.3974E-03
0.5504E-03
0.1313E-02
0.4374E-03
0.5926E-04
0.2052E-03
0.5083E-03
0.1335E-04
0.2515E-04
0.4871E-04
0.7629E-04
0.7045E-03
0.5691E-03
0.4391E-03
0.3780E-04
O.1O16E-O3
0.5921E-03
0.4534E-03
0.2189E-04
0.1852E-04
0.9206E-03
0.1470E-03
0.5563E-03
0.2033E-03
0.8364E-03
0.2305E-02
0.5609E-03
0.4449E-04
0.7480E-04
0.3983E-04
0.5957E-03
0.1998E-03
0.2757E-03
0.5311E-03
0.5036E-03
0.2793E-03
0.7193E-04
0.2119E-03
0.1552E-03
0.3158E-03
0.8585E-04
0.5177E-03
0.2020E-03
0.2773E-03
0.9313E-04
0.3868E-03
0.2906E-03
0.9874E-04

- 5 . 5 9
16.81

- 2 2 . 2 1
6 . 3 0

1 0 . 4 6
3 . 1 5
3 . 5 4

- 4 . 5 3
7 . 6 1
6 . 9 5

-10.42
0 . 6 0

1 0 . 4 6
5 . 0 2

- 4 . 9 0
- 1 . 4 6
1 0 . 3 3
3 . 2 9
1 . 7 0
1 . 1 3

- 5 . 5 3
- 3 . 0 5
2 4 . 8 0

4 . 2 0
4 . 2 5
2 . 3 3
2 . 1 7

- 5 . 7 4
- 0 . 8 9
- 0 . 6 0
- 3 . 6 4

9 . 6 8
- 2 4 . 8 3

2 . 6 2
3 . 0 6
1 . 7 3
0 , 5 8

- 1 3 . 7 6
4 . 7 3
2 . 7 2
0 . 6 6

‘ 3 . 5 2
2 1 . 2 6
‘ 1 . 8 5

- 1 8 . 4 6
‘ 1 . 8 1

8 . 0 1
4 . 3 7
0 . 8 6
1 . 0 8
4 . 5 1
4 . 2 2
6 . 3 5

- 1 . 0 9
- 2 4 . 5 5

2 . 6 4
0 . 5 7
1 . 2 6

- 1 . 1 3
6 . 2 7
8 . 9 4

‘ -3 .29
- 2 . 4 7

9 . 8 9
0 . 1 5

- 6 . 8 4
‘ 2 . 2 6

3 . 0 7
- 1 . 1 2
- 3 . 8 0

2 . 3 4

(F)

-z
- 1

6
- 2
- 1
- 2

2

;
5
5
1

:
6

- 1
0

- 1
2
2

-11
-11

-:
- 2
- 2

3

-;
1
0

;
3
3
3

;
5

-:
- 2
- 1

3
3

- 3
- 3
- 3
- 3

4
4
4

- 2
2
4
4
3

:
0

- 3
- 6
- 5
- 5

5

-:
- 2

0
- 5
- 5
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= (R)Q  ( 8, 3,s) ~ A2’ 5s41
6 S 2-1
6 S 2-1

138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

(P)P  (  9, 3 , s )
(P)R  (  7 ,  3 , s )
(R)Q (  8 ,  6,s)
(R)R (  7 ,  6 , s )
(p)p (  9 ,  6 , s )
(P)Q (  8 ,  6,s)
(P)R  (  7 ,  6 , s )

*(0)P  (  9 ,  6 , s )
(R)P (  9 ,  O,S)
(R)R (  7 ,  0 , s )

*(S)P (  9 ,  0 , s )
(R)Q  (  8, 7,s)
(R)R (  7 ,  7 , s )
(P)P (  90 7 , s )
(p)Q  (  8 ,  7 , s )
(R)Q ( 8 ,  5 , s )
(R)R (  7 ,  5 , s )
(f’)P  (  9 ,  5 , s )
(P)R  (  7 ,  5,s)

● (0)P ( 9, 7,s)
● (S)Q ( 8, 1,s)
(P)P (  9, 1 , 9 )
(p)R (  7 ,  1,s)

● (Q)Q ( 8, 1,s)
(P)P ( , 9 ,  8 , s )
(p)Q  (  8 ,  8 , s )
(R)Q  (  8 ,  4 , s )
(P)P (  9, 4 , s )
(P)R  (  7 ,  4,s)
(R)Q  (  8 ,  2 , s )
(P)P ( 9, 2,s)
(P)R ( 7, 2 , s )
(P)P  ( lo ,  9 , s )
(f’)Q (“9, 9,s)
(R)Q ( 9 ,  3,s)
(P)P ( lo ,  3 ,s )
(P)R ( 8, 3,s)
(R)R ( 8, 6,s)
(P)R ( 8. 6.s)

177 ● (S)Q ( 9; o:sj
178 (R)Q  ( 9, 7.s)
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

(R)R  (  8 ,  7isj
(p)R (  8 ,  7 , s )
(R)Q  (  9 ,  S , S )
(P)R  (  8 ,  ~,S)
(R)Q ( 9 ,  1 , s )
(P)P ( l o ,  1 , s )
(R)Q  (  9 ,  8 , s )
(R)R (  8 ,  8 , s )
(P)P ( 1 0 ,  8 , s )
(p)Q  (  9, 8 , s )
(p)R (  8, 8 , s )
(R)Q (  9, 4 , s )
(R)R (  8 ,  4 , s )
(p)R (  8 ,  4 , s )
(R)Q  (  9, 2 , s )
(P)P ( l o ,  2 , s )
(P)R (  8 ,  2,s)
(R)Q  (10, 9 , s )
(R)R (  9 ,  9 , s )
(P)Q ( 1 0 ,  9,s)
(P)R  (  9 ,  9 , s )
(p)R (  9 ,  3 , s )
(R)Q  (10, 6,s)
(R)R (  9 ,  6 , s )
(p)R (  9 ,  6 , s )
(R)Q  (10, 7,s)
(R)R (  9 ,  7 , s )
(p)R (  9 ,  7 , s )
(R)Q  ( 1 0 ,  5 , s )

8 A2’
8 A2’
8 A2°
8 A2”
8 A2°
8 A2g’
8 A2°
8 A2$’
8 A2°
8 A2°
8 A2°
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E,,
8 E,,
8 E,,
8 EM
8 E,,
8 E,,
8 E“
8 E,,
9 A2’
9 A2’
9 A2’
9 A2’
9 A2’
9 A2°
9 A2”
9 A2°
9 E’
9 E’
9 E’
9 E’
9 E’
9 E’
9 E’
g E,,
9 E“
9 E“
9 E“
9 E“
g E,.
g E*,
9 E“
g. E*,
g E,,
g E,,

10 A2’
10 A2’
10 A2’
10 A2’
10 A2’
1 0  A 2 °
1 0  A2°
10 A2°
10 E’
10 E’
10 E’
10 E’

3 s 7 1
3 s 7 1
4 s 5-1
4 s 5-1
4 s 5-1
5 a 4 1
6 s 1 1
6 s 1 1
7 a 2-1
3 s 8 1
3 s 8 1
6 S 6-1
6 S 6-1
7 s 6
7 s 6
8s4-
8s4-
9 a 5

1 1  a3-
13s0
1 3 s 0
14 a 1-
3s7-
3 s 7 -
8 s 5
9s3-
9 s 3 -

1 1 s 3
12 s 1-
12 s 1-
2 S 8-1
2 S 8-1
6 s 4 1
7 s 2-1
7 s 2-1
4 s 7 1
5 s 5-1
8 a 2-1
5 s 8 1
5 ’ s 8 1
8 S 6-1
9 s 6 1

10 s 4-1
1 2 s 2 1
1 5 s 0 1
3 s 9 1
3 s 9 1
6 S 7-1
6 S 7-1
6 S 7-1

1 0 s 5 1
1 0 s 5 1
12 s 3-1
1 3 s 3 1
14 s 1-1
14 s 1-1

1 Slo 1

; :’:-1
3 S 8-1
7 s 2-1
5 s 7 1
5 s 7 1
6 S 5-1
7 s 8 1
7 s81

10 S 6-1
11 s 6 1

iiiizi
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2541.59821
2400.38921
2734.94625
2508.98618
2667.30772
2401.91367
2579.51930
2737.84096
2497.75645
2394.30666
2728.41443
2402.51428
2494.52836
2653.17335
2400.50430
2578.467S4
2521.50598
2679.55872
2402.29586
2737.65766
2513.78958
2560.56024
2396.36677
2730.52386
2598.05702
2397.96606
2576.34839
2532.31075
2401.73968
2736.64497
2549.75453
2398.31626
2732.62166
2381.17190
2579.26598
2546.78074
2387.41984
2760.23851
2693.51500
2762.94480
2583,32858
2502.12416
2680.08634
2762.30720
2527.82311
2762.75437
2554.27104
2384.23499
2486.21427
2664.59635
2384.79567
2582.36046
2760.74298
2538.06132
2715.13251
2761.83065
2554.37132
2385.81754
2758.36849
2477.38898
2675.48310
2585.87805
2783.97217
2786.10858
2522.98855
2719.70985
2788.30236
2509.92081
2707.02974
2787.73551
2534.24898

I n t e n s i t y  d a t a  f r o m
.——-.

experiment p r e s e n t  a n a l y s i s
..———...

( V I ) ( V I I ) ( V I I I )

0.5160L=
0.3064E.-03
0.2251E-03
0.7388E-03
0.8079E-03
0.3193E-03
0.3692E-04
0.1380E-03
0.2878E-04
0.2756E-03
0.2636E-03
0 . 1 0 3 4 E -0 3
0.2976E-03
0.9597E-03
0.1651E-03
0.4600E-04
0.3467E-03
0.1601E-03
0.1518E-03
O.1O16E-O3
0.1623E-04
O.91O1E-O4
0.1654E-03
0.9999E-04
0.1498E-04
0.1670E-03
0.4227E-04
0.3044E-03
0.1475E-03
0 . 1 0 6 3 E -0 3
0.2073E-03
O.151OE-O3
O.11O2E-O3
0.1817E-03
0.7471E-04
0.2459E-03
0.1463E-03
0.1783E-03
0.2427E-03
0.1456E-03
0.5328E-04
0.2327E-03
0.3048E-03
0.5533E-04
0.1878E-03
0.8549E-04
0.4619E-04
0.8653E-04
0.1891E-03
0.7155E-03
0.8456E-04
0.3807E-04
0.2828E-04
0.1528E-03
0.1557E-04
0.8877E-04
0. I026E-03
0.7775E-04
0.9621E-04
0.2195E-03
0.9876E-03
0.5838E-04
0.4139E-04
0.1329E-03
0.2113E-03
0.5293E-04
0,1207E-03
O.121OE-O3
0.7793E-04
0.5425E-04
0.8831E-04

0.5294E-03
0.3160E-03
0.2188E-03
0.7361E-03
0.8116E-03
0.3235E-03
0.3692E-04
0.1365E-03
0.2240E-04
0.3087E-03
0.3187E-03
0.8748E-04
0.2936E-03
0.9290E-03
0.1647E-03
0.3250E-04
0.3545E-03
0.1638E-03
0.1582E-03
0.9152E-04
0.1436E-04
0.9566E-04
0.1717E-03
0.8813E-04
0.2359E-04
0.1642E-03
0.3808E-04
0.3114E-03
0.1560E-03
O.1O47E-O3
0.2199E-03
0.1643E-03
0.t121E-03
0.1812E-03
0.7166E-04
0.2664E-03
0.1567E-03
0.1986E-03
0.2428E-03
0.1503E-03
0.7363E-04
0.2356E-03
0.3004E-03
0.5569E-04
0.1933E-03
0.8722E-04
0.4844E-04
0.8829E-04
0.1911E-03
0.6919E-03
0.8934E-04
0.3358E-04
0.2839E-04
0.1611E-03
0.1309E-04
0.9401E-04
O.11O2E-O3
0.8204E-04
O.1O13E-O3
0.2314E-03
0.9560E-03
0.5625E-04
0.4174E-04
0.1419E-03
0.2216E-03
0.5966E-04
0.1251E-03
0.1304E-03
0.8281E-04
0.5413E-04
0.9064E-04

- 2 . 6 0
- 3 . 1 3

2 . 8 1
0 . 3 6

- 0 . 4 6
- 1 . 3 2
- 0 . 0 1

1 . 1 2
2 2 . 1 8

- 1 2 . 0 2
- 2 0 . 9 0

1 5 . 4 0
1 . 3 4
3 . 1 9
0 . 2 3

2 9 . 3 5
- 2 . 2 5
- 2 . 3 0
- 4 . 2 0

9 . 9 2
1 1 . 5 5
- 5 . 1 1
- 3 . 8 1
1 1 . 8 6

- 5 7 . 5 0
1 . 6 9
9 . 9 0

- 2 . 2 9
- 5 . 7 8

1 . 5 0
- 6 . 0 6
- 8 . 8 3
- 1 . 7 6

0 . 2 6
4 . 0 8

- 8 . 3 2
- 7 . 1 4

- 1 1 . 3 9
- 0 . 0 6
‘ 3 . 2 5

- 3 8 . 1 9
- 1 . 2 7

1 . 4 3
- 0 . 6 5
- 2 . 9 2
- 2 . 0 3
- 4 . 8 7
- 2 . 0 3
- 1 . 0 8

3 . 3 0
- 5 . 6 5
1 1 . 7 9
- 0 . 3 9
- 5 . 4 5
1 5 . 9 0
- 5 . 9 1
- 7 . 3 9
‘ 5 . 5 2
- 5 . 2 9
- 5 . 4 3

3 . 2 0
3 . 6 5

- 0 . 8 6
- 6 . 7 9
- 4 . 8 6

- 1 2 . 7 1
- 3 . 6 5
- 7 . 7 3
- 6 . 2 6

0 . 2 2
- 2 . 6 4

(ir)

=2
- 8
- 8

3
3

- 1
- 1
- 1

3
- 1 6
- 1 5

- 1
- 4
- 4

5
6
4
5

- 5
- 5

4

::
- 6
- 2

8
9

-:
- 6
- 6
- 4
- 4
15

!:
12
12

3
- 8

0
2
1

- 2
0

- 6
- 3
- 6
- 5
- 5

8
8
8

- 6
- 4

-:
8
8

- 4
- 4
13
13
12
- 1

0
- 6

2
2

- 1 2
- 6
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Table “X._Continued

.—. ——
lntens~ty  d a t a  f r o m

.—
Transltlon experiment p r e s e n t  a n a l y s i s

- ——m ( 1 1 ) (III)– ( I v ) ( v ) ( V I ) ( V I I ) ( V I I I )  (m

~ (P)R  ( 9, 5,S) 10 E’ 12 s 4-
209 (R)Q  (10, 1,S) 10 E’ 14 S 2
210 (R)R (10, 9,s) 11 A2’ 2 Slo
211 (P)R (10, 6,s) 11 A2° 7 S 5-

212 (R)Q  (11, 5,s) 11 E’ 1 2 s 6
213 (R)Q  (11, 10,s) 11 E“ 2 Sll
2 1 4  (R)R ( 1 0 ,  1 0 , s ) 11 E“ 2 Sll
215 (R)Q  (12, 6,s) 12 A2” 7 s 7
2 1 6  (R)Q  ( 1 2 ,  1 1 , s )  12 E ’ 3 S12 nu24  2 4 5 8 . 1 4 4 3 0 0.3165E-04 0.3436E-04 - 8 . 5 6 6
2 1 7  (R)R ( 1 1 ,  1 1 , s ) 12 E’ 3  s12 1 nu24  2 6 9 5 . 5 8 0 7 5 0.1919E-03 0.1843E-03 3 . 9 8
2 1 8  (R)R ( 1 1 ,  1O,S) 12 E“ 4 Sll 1 nu24  2 7 1 5 . 4 8 0 7 0 0.7865E-04 0.7700E-04 2 . 0 9 -:
2 1 9  (R)Q  ( 1 2 ,  8 , s ) 12 E“ 9 s 9 1 nu24  2512.21683 0.2469E-04 0.2904E-04 ‘ 1 7 . 6 2 3

iiimi
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2788.13228
2558.03983
2704.18581
2813.82677
2540.67194
2468.03783
2685.81684
2537.13580

0.6311E-04
0.2004E-04
0.2611E-03
0.7241E-04
0.3168E-04
0.6107E-04
0.3151E-03
0.2670E-04

0.6738E-04
0 . 2 1 0 5 E-0 4
0.2609E-03
0.8495E-04
0.3742E-04
0.6526E-04
0.3073E-03
0.3!547E-04

- 6 . 7 7
- 5 . 0 3

0 . 0 9
- 1 7 . 3 1
- 1 8 . 1 1

- 6 . 8 7
2 . 4 7

‘ 3 2 . 8 5

--5
17
- 1
18
0
0
0

15

.—. ——
— ——

/
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Table Xl

Comparison of Measured and Calculated Line Intensities in V2-I-V4 a,s <-- a
——..

I n t e n s i t y  ctata  f r o m

T r a n s i t i o n

m
——

( 1 1 ) ( I I I) ( I v ) ( v )

~ (R)P (  2 ,  O,a)
——

1 A2’ 2  a l l ~ 2 5 4 5 . 1 8 0 3 6
2 (R)R ( O, O,a)
3 (P)P ( 2, 2,a)
4 (P)Q ( 1, lra)
5  *(S)Q (  2 ,  O,a)
6 (R)Q  ( 2, O,a)
7  *(o)p (  3 ,  3,a)
8 (P)P ( 3, 3,a)
9 (P)P ( 3, 2,a)

10 (P)Q ( 2, 2ia)
11 (R)P ( 3, l,a)
12 (R)Q  ( 2, l,a)
13 (R)R ( 1, l,a)
14 (P)P ( 3, l,a)
15 (P)Q  ( 2, l,a)
16 *(S)p (  4 ,  o,a)
17 (R)P ( 4, O,a)
18 (P)P ( 4, 3,a)
19 ● (o)p ( 4, 4,~)
20 (P)P ( 4, 4,a)
21 (R)P ( 4, 2,a)
22 (R)Q  ( 3, 2,a)
23 (R)R ( 2, 2,a)
24 (P)P ( 4, 2,a)
25 (P)Q ( 3, 2,a)
26 ● (S)R ( 2, ~,a)
2 7  *(Q)p  ( 4 ,  l,a)
2 8  .(Q)Q (  3 ,  l,a)
29 (R)P ( 4, l,a)
30 (R)Q  ( 3, I,a)
31 (R)R ( 2, I,a)
32 (P)Q ( 3, l,a)
3 3  .(S)Q ( 4 ,  o,a)
34 (R)Q  ( 4, O,a)
35 (R)P ( 5, 3,a)
36 (R)Q  ( 4, 3,a)
37 (R)R ( 3, 3,a)
38 ● ( o ) p  ( 5, 3,a)
39 ● (o)Q ( 4, 3,a)
40 ●  (o)p ( 5, 4,a)
41 (P)P ( 5, 4,a)
4 2  .(0)Q ( 4 ,  2,a)
43 (R)P  ( 5, 2,a)
44 (R)Q  ( 4, 2,a)
45 (R)R ( 3, 2,a)
46 (P)P ( 5, 2,a)
47 (P)o ( 4, 2,a)
48 (P)P ( 5, S,a)
4 9  *(o)p (  5 ,  5,a)
50 ● (Q)Q ( 4, l,a)
51 (R)P ( 5, l,a)
52 (R)Q  ( 4, l,a)
53 (P)P ( 5, l,a)
54 (P)Q ( 4, l,a)
55 (P)P ( 6, 6,a)
56 (R)P ( 6, O,a)
5 7  .(S)Q ( 5 ,  3,a)
5 8  .(S)R (  4 ,  3,a)
59 (R)P ( 6, 3,a)
60 (R)Q  ( 5, 3,a)
61 (R)R ( 4, 3,a)
6 2  .(o)p (  6 ,  3,a)

6 3  *(0)Q (  5 ,  3,a)
64 (P)P ( 6, 3,a)

1 A2’
1 E’
, ~,t
2 A2’
2 A2’
2 A2°
2 A2°
2 E’
2 E’
2 ~,,

2 E“
2 E,,
2 E“
2 E“
3 A2’
3 A2’
3 A2°
3 E’
3 E’
3 E’
3 E’
3 E’
3 E’
3 E’
3 E“
3 E“
3 E“
3 E*,
3 E,,
3 E,,
3 ~,i

4 A2’
4 A2’
4 A2°
4 A2°
4 A2°
4 A2”
4 A2’”
4 E’
4 E’
4 E’
4 E’
4 E’
4 E’
4 E’
4 E’
4 E ,,
4 En
4 E,,
4 E M
4 E,,
4 E,,
4 E,,
5 A2’
5 A2’
5 A2°
5 A2°
5 A2°
5 A2°
5 A2°
5 A2°
5 A2°
5 A2’”

2all
2 a 1-1
3aOl
1 s 2-1
2 a l l
1 s 1 1
2 a 2-1
4 a 1-1
4 a 1-1
3 a 2 1
3 a 2 1
3a21
4 a O l
4 a O l
2 s 2-1
3all
3 a 2-1
2 s 2 1
3 a 3-1
5 a 3 1
5a31
5 a 3 1
6 a 1-1
6 a 1-1
2 s 3-1
4 s 1-1
4 s 1-1
5 a 2 1
5a21
5 a 2 1
6aOl
2 s 2-1
3all
2 a 4 1
2 a 4 1
2 a 4 1
3 s 1 1
3 s 1 1
4 s 2 1
5 a 3-1
6 s 0 1
7 a 3 1
7a31
7a31
8 a 1-1
8 a 1-1
3 a 4-1
4 s 3 1
5 s 1-1
6 a 2 1
6 a 2 1
7aOl
7 a O l
2 a 5-1
5all
2 s 5-1
2 s 5-1
3 a 4 1
3 a 4 1
3a41
4 s 1 1
4 s 1 1
5 a 2-1

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2604.79994
2553.78277
2589.37002
2519.60193
2584.42897
2514.75100
2538.19432
2534.60094
2594.19641
2520.36253
2579.93140
2619.67662
2530.49695
2590.06609
2442.55596
2508.64297
2519.41160
2511.72359
2522.51248
2495.65006
2575.01919
2634.61567
2515.86166
2595.23093
2561.09872
2461.69792
2541.03160
2501.39645
2580.72992
2640.29898
2591.22319
2524.90422
2584.73917
2470.71278
2569.85150
2649.28162
2481.76659
2580.90489
2494.18198
2504.30977
2562.22878
2477.09727
2576.16095
2655.53027
2497.64781
2596.71125
2505.19288
2510.60076
2544.04316
2482.58776
2581.60661
2493.92851
2592.94738
2489.49782
2474.78175
2464.21760
2563.35644
2452.56184
2571.31274
2670.45154
2459.38490
2578.13576
2483.37259

experiment p r e s e n t  a n a l y s i s

TvTj---- (vII) ( V I I I )

0.1042E-0~
0.6961E-03
0.6534E-03
0.2152E-03
0.3430E-04
0.2269E-02
0.5260E-04
0.1573E-02
0.85$!9E-03
0.7072E-04
0.1970E-03
0.7401E-03
O.61O6E-O3
0.8112E-03
0.2384E-03
0.4000E-04
0.2496E-02
0.1759E-02
0.8182E-04
0.7441E-03
0.1566E-03
0.8565E-03
0.8412E-03
0.9S13E-03
0.7026E-04
0.1618E-04
0.2291E-04
0.2505E-04
0.2873E-03
0 . 1 0 0 3 E -0 2
0.2122E-03
0.1774E-03
0.1514E-C13
0.2083E-C)2
0.2359E-03
0.1793E-02
0.2118E-02
0.1621E-03
0.3684E-04
0.1488E-03
0.6930E-03
0.3651E-04
0.2241E-03
O.1O56E-O2
0.3142E-03
0.9168E-03
0.3483E-04
0.6966E-03
b.4236E-04
0.3948E-04
0.2421E-03
O.1OO1E-O2
O.1O2OE-O2
0.8343E-04
0.1122E-02
0.2042E-02
0.2118E-04
0.6314E-04
0.2984E-03
0,2003E-02
0.7350E-03
0.1792E-03
0.3002E.”04
0.1389E-02

0.9778E-03
0.6679E-03
0.6155E-03
O.21O6E-O3
0.3209E-04
0.2246E-02
0.4709E-04
0.1537E-02
0.8054E-03
0.7166E-04
0.1698E-03
0.6867E-03
0.4994E-03
0.7515E-03
0.2330E-03
0.2118E-04
0.2524E-02
0.1730E-02
0.7394E-04
0.7216E-03
0.1425E-03
0.8077E-03
0.8176E-03
0.920QE-03
0.6625E-04
0.1703E-04
0.1309E-04
0.2874E-04
0.2551E-03
0.9648E-03
0.2057E-03
0.1683E-03
0.1307E-03
0.2079E-02
0.2127E-03
0.1688E-02
0.2067E-02
0.1305E-03
0.5930E-04
0.1384E-03
0.6852E-03
0.4364E-04
0.2153E-03
0 . 1 0 1 1 E -0 2
0.3169E-03
0.9161E-03
0.3517E-04
0.6517E-03
0.4437E-04
0.4166E-04
0.2217E-03
0.9717E-03
0.!020E-02
0.8237E-04
O.1O83E-O2
0.2151E-02
0.1282E-04
0.6670E-04
0.2917E-03
0.1946E-02
0.7358E-03
0.1332E-03
0.5451E-Q4
0.1431E-02

6 . 1 6
4 . 0 5
5 . 8 0
2 . 1 2
6 . 4 3
1 . 0 3

10.47
2 . 2 7
5 . 3 4

- 1 . 3 3
1 3 . 7 9

7 . 2 2
1 8 . 2 0
7 . 3 6
2 . 2 7

4 7 . 0 4
- 1 . 1 3

1 . 6 3
9 . 6 4
3 . 0 2
9 . 0 2
5 . 7 0
2 . 8 1
3 . 2 9
5 . 7 1

‘ 5 . 2 4
4 2 . 8 8

--14.72
11.22
3 . 8 1
3 . 0 5
5 . 1 5

13.6S
0 . 2 1
9 . 8 2
5 . 8 7
2 . 4 1

19.47
- 6 0 . 9 7

6 . 9 7
1 . 1 3

- 1 9 . 5 3
3 . 9 3
4 . 2 6

- 0 . 8 5
0 . 0 7

- 0 . 9 9
6 . 4 4

- 4 . 7 3
- 5 . 5 1

8 . 4 1
2 . 9 2
0 . 0 2
1 . 2 7
3 . 5 1

- 5 . 3 1
3 9 . 4 7
- 5 . 6 3

2 . 2 5
2 . 8 5

- 0 . 1 1
2 5 . 6 5

- 8 1 . 5 7
- 3 . 0 3

(ir)

-=5
- 3
- 4
- 4
- 6

- l o
- 1
- 2
- 2
- 3
- 6
- 6
- 7
- 2
- 2
- 1

8
0

-;
- 5
- 5
- 5

0
0

- 7
0
1

- 5
- 5
- 5

1
1

- 1 1
- 4
- 4
- 4

0
0
5

- 1
4

- 3
- 3
- 3

3
3
1

1
- 5
- 5

6
6
0

13
- 9
- 8
- 3
- 3
- 3

7
7
4

Note.(I)Serial n u m b e r  ;(II)Ass{gnment.(  III)Ident~o~he  UPper  level ;(Iv)v~~ratiOnal  b a n d ;
—-

(v)Qbserved  Wavenumber  i n  cm-l;(vr)s~  i n  cm-z atm-1 a t  296K;(VII)SC  incm-2 atm-1 a t  296K;
(VJII}$O-sC/sO /“ %;(ob~-c~jc)~a~~~u~b~r  in IO-3 Cnl-j



(P)P ( 7, I,a)
(P)R  (  5 ,  I,a)
(R)P (  8 ,  6,a)
(R)Q (  7, 6,a)
(R)R (  6, 6,a)
(P)P  (  8 ,  6,a)
(P)Q (  7, 6,a)
(P)R (  6 ,  6,a)
(R)P  (  8 ,  3,a)
(R)Q (  7, 3,a)
( R ) R  (  6 ,  3,a)
(P)R (  6 ,  3,a)
(P)P  (  8 ,  8,a)
(R)P  (  8 ,  4,a)
(R)Q (  7 ,  4,a)
(R)R  (  6 ,  4,a)

— —
5 A2- 5 a 2-1 nu24 2701.26229
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E’
5 E“
5 E“
5 E“
5 E“
5 E“
5 E“
5 ~,1
5 E,,
6 A2’
6 A2’
6 A2’
6 A2’
6 A2°
6 A2”
6 A2°
6 A2°
6 A2°
6 A2”
6 A2°
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E’
6 E“
6 E“
6 E“
6 E“
6 E,,

6 E“
6 E,,
6 E,,

6 E“
6 E,,
6 E“
6 E“

3 s 4-1
4 a 5 1
4 a 5 1
4 a 5 1
5 s 2 1
6 a 3-1
6 a 3-1
8 a 3 1
8 a 3 1
9 a 1-1
9 a 1-1
9 a 1-1

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2586.04102
2445.55275
2564.42885
2663.67408
2477.01510
2486.66548
2704.78704
2458.76970
2577.43084
2480.05001
2598.71111
2697.77495

4 s 3-’
5 a 4-’
7 s 1-’
8 a 2
8 a 2
9 a 0
9 a 0
9 a 0
2 a 5 -
2 a 5-1
4 s 2-1
5all
2 s 5-1
3 a 4 1
3 a 4 1
3 a 4 1
4 s 1 1
5 a 2-1
5 a 2-1
3 S 6-1
5 s 4-1
6 a 5 1
6 a 5 1
7 s 2 1
8 a 3-1
8 a 3-1
9 s 0 1
9 s 0 1
10a31
10a31
11 a 1-1

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2 5 0 8 . 4 1 9 0 4
2486.60271
2547.82497
2463.86515
2582.47318
2476.71445
2595.32217
2694.34133
2471.35556

11 a 1-’
: ; :-’

5 a 6
5 a 6
6s3-
7a4-
7a4-
9sl-

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

I n t e n s i t y  aata f r o m
.——

T r a n s i t i o n experiment p r e s e n t  a n a l y s i s
— — .  _ _ _ _  ..—.

m ( 1 1 ) ( 1 1 1 ) ( I v ) ( v ) ( V I ) ( V I I) ( V I I I )

= (P)R ( 4, 3,a)
6 6  *(S)R (  4 ,  2,a)
67 (R)P  ( 6, 4,a)
68 (R)Q ( 5, 4,a)
69 (R)R ( 4, 4,a)
7 0  S(o)p  (  6 ,  4,a)
71 (P)P  ( 6, 4,a)
72 (P)R ( 4, 4,a)
73 (R)P  ( 6, 2,a)
74 (R)Q ( 5, 2,a)
75 (P)P  ( 6, 2,a)
76 (P)Q ( 5, 2,a)
77 (P)R ( 4, 2,a)
7 8  .(s)Q  ( 5,  l,a)
79 (P)P  ( 6, 5,a)
8 0  .(Q)Q (  5 ,  l,a)
81 (R)P ( 6, l,a)
82 (R)Q ( 5, l,a)
83 (P)P  ( 6, l,a)
84 (P)Q  ( 5, l,a)
85 (P)R ( 4, l,a)
86 (P)P  ( 7, 6,a)
87 (P)Q ( 6, 6,J)
8 8  ●  ( S ) Q  (  6, O,a)

:3 *[:R: (  6 ,  O,a)

[
5 ,  3,a)

9 1  (R)P 7 ,  3,a)
92 (R)Q ( 6, 3,a)
93 (R)R  ( 5, 3,a)
9 4  .(o)p ( 7 ,  3,a)
95 (P)P  ( 7, 3,a)
96 (P)R ( 5, 3,a)
9 7  *(S)R (  5 ,  4,a)
9 8  .(S)Q (  6, a,a)

9 9  (R)P ( “ 7 ,  4,a)
100 (R)R  ( 5, 4,a)
101 ● (o)P ( 7, 4,a)
102 (P)P  ( 7, 4,a)
103 (P)R ( 5, 4,a)
1 0 4  *(0)P (  7 ,  2,a)
105 ● (0)Q ( 6, 2,a)
106 (R)P  ( 7, 2,a)
107 (R)Q ( 6, 2,a)
108 (P)P  ( 7, 2,a)
109 (P)R ( 5, 2,a)
110 (P)P  ( 7, 7,a)
111 (R)P  ( 7, 5,a)
112 (R)Q ( 6, 5,a)
113 (R)R  ( 5, 5,a)
1 1 4  “ ( S ) 0  (  6 ,  l,a)
115 (P)P  ( 7, 5,a)
116 (P)R  ( 5, 5,a)
1 1 7  *(Q)Q (  6 ,  l,a)
118 (R)P ( 7, l,a)
119 (R)Q ( 6, l,a)
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2610.16832
2533.15761
2585.29031
2587.73435
2434.67664
2572.92193
2691.67292
2452.40793
2466.28760
2723.28400
2563.84902
2491.58983
2427.83971
2685.10773
2460.17155
2469.61408
2726.88266
2432.95614
2571.09986
2440.61814
2578.76207
2463.15303
2719.95780
2473.05774
2420.16619
2558.74624
2677.78613
2512.93178
2468.68214
2726.30177
2552.37956

10a21 nu24  2 4 4 5 . 2 0 9 9 0
1 0  a 2 , 1 nu24  2 5 8 3 . 2 9 2 5 1
llaOl nu24  2 4 6 0 . 2 9 7 4 8
llaOl nu24 2716.98792

7 A2’ 3 a 7 1 nu24 2394.55231
7 A2’ 3 a7 1
7 A2’ 3a71
7 A2’ 4 a 5-1
7 A2’ 4 a 5-1
7 A2’ 4 a 5-1
7 A2° 4a41
7 A2” 4a41
7 A2° 4a41

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2552.80048
2691.61322
2453.81966
2612.06749
2750.88050
2416.93682
2574.55065
2712.79606

7 A2° 6 a 2-
7 E’ 3 a 7 -
7 E’ 7 a 5
7 7 a 5
7 :: 7 a 5

nu24  2 7 4 5 . 7 0 4 1 0
nu24 2456.35719
nu24 2410.39686
nu24 2568.17105
nu24 2706.56265

~E~
0.3798E-04
0.8715E-04
0.8545E-03
0.1159E-02
0.1946E-03
0.5397E-03
0.5708E-04
0.1958E-03
0.9137E-03
0.7803E-03
0. I023E-04
0.1199E-03
0.3648E-04
0.6519E-03
0.4395E-04
0.1465E-03
0.8179E-03
0.9393E-03
0.2714E-04
O.111OE-O3
0.9254E-03
0.1283E-03
0.1389E-03
0. I041E-02
0.7437E-04
0.2562E-03
0.1601E-02
0.1749E-03
0.1856E-03
0.9775E-03
0.3780E-03
0.3122E-04
0.2555E-04
0.9933E-04
0.3819E-03
0.1876E-03
0.4434E-03
0.1264E-03
0.2690E-04
0.3990E-04
0.1315E-03
0.6349E-03
0.6076E-03
0.2081E-03
0.3903E-03
0.5527E-04
0.7282E-03
0.1112E-02
0.3173E-04
0.5077E-03
0.5601E-04
0.3507E-04
0.6811E-04
0.5528E-03
0.6571E-03
0.2145E-03
0.6158E-04
0.1112E-02
Y1.1953E-02
0.6733E-03
0.1396E-03
0.1343E-03
0.1361E-03
0.9982E-03
0.2160E-04
0.4738E-03
0.2551E-03
0.7656E-04
0.6040E-03
0.8676E-04

O.21O5E-O3
0.4733E-04
0.7476E-04
0.7855E-03
0.1125E-02
0.1727E-03
0.5531E-03
0.5787E-04
0.1948E-03
0.8870E-03
0.7959E-03
0.9996E-05
0.1161E-03
0.2718E-04
0.6242E-03
0.4667E-04
0.1388E-03
0.7977E-03
0.9156E-03
0.2621E-04
0 . 1 0 0 4 E -0 3
0.9370E-03
0.1157E-03
0.1412E-03
O.1O62E-O2
0 . 1 0 1 5 E -0 3
0.2533E-03
0.1536E-02
0.1891E-03
0.1472E-03
O. 1029E-O2
0.3953E-03
0 . 3 4 2 3 E - 0 4
0.1881E-04
0.9773E-04
0.3758E-03
0.1660E-03
0.3889E-03
0.1402E-03
0.1695E-04
0.5377E-04
0.1319E-03
0.6313E-03
0.6026E-03
O.21O2E-O3
0.3793E-03
0.4860E-04
0.6647E-03
O. I091E-02
0.2714E-04
0.4983E-03
0.4445E-04
0.4256E-04
0.6921E-04
0.5559E-03
0.6941E-03
O.211OE-O3
0.5879E-04
O.1O3OE-O2
0.1921E-02
0.6733E-03
0.1266E-03
0.1200E-03
0.1475E-03
O. I023E-02
0.2239E-04
0.5116E-03
0.2449E-03
0.7671E-04
0.5897E-03
0.9156E-04

4 . 8 1
‘ 2 4 . 6 2

14.21
8 . 0 7
2 . 9 7

1 1 . 2 7
- 2 . 4 9
- 1 . 3 8

0 . 5 0
2 . 9 2

- 1 . 9 9
2 . 2 9
3 . 1 7

2 5 . 5 0
4 . 2 6

- 6 . 1 9
5 . 2 4
2 . 4 8
2 . 5 3
3 . 4 1
9 . 5 8

- 1 . 2 5
9 . 8 3

- 1 . 6 8
- 2 . 0 4

- 3 6 . 4 2
1 . 1 2
4 . 0 3

- 8 . 1 0
2 0 . 7 0
- 5 . 2 5
- 4 . 5 8
- .9 .64
2 6 . 4 0

1.61
1 . 5 9

1 1 . 5 0
1 2 . 2 9

- 1 0 . 9 2
3 7 . 0 1

- 3 4 . 7 6
- 0 . 3 1

0 . 5 7
0 . 8 2

- 1 . 0 2
2 . 8 2

1 2 . 0 6
8 . 7 2
1.91

1 4 . 4 6
1 . 8 5

2 0 . 6 4
- 2 1 . 3 7

- 1 . 6 1
- 0 . 5 7
- 5 . 6 3

1 . 6 3
4 . 5 4
7 . 3 6
1 . 6 3
0 . 0 1
9 . 2 8

1 0 . 6 8
- 8 . 3 7
- 2 . 4 5
- 3 . 6 5
- 7 . 9 8

4 . 0 1
- 0 . 1 9

2 . 3 6
- 5 . 5 3

(Yr)

;
- 3
- 3
- 3

4
-1
- 1
- 1
- 1

6
6
6
3
1
1

- 4
- 4

8
8
9
1
1

- 1
- 4

1

:
0

- 1 1
9

-;
3
0
0
1

- 4
- 3

1
1
2
2
6
6
0

- 2
- 1
- 1

1
0

-:
- 2
- 2

8
8
0
0
0
0
0
0

- 2
- 2
- 2

4
- 2

1
1
1



Table Xl_Continued 72p13 . “. ..— _—...
Intensi ty  data f r o m

T r a n s i t i o n
——-

experiment p r e s e n t  a n a l y s i s

T-i-) ( I I) (111 )-- ( x v ) ( v ) ( V I ) ( V I I ) ( v I I I )  (m

= -( 8 ,  4,a) 7 E’
——

9 a 3-1
137 (P)R  ( 6, 4,a) 7 E’
138 ● (0)Q ( 7, 2,a)
139 (R)P ( 8, 2,a)
140 (R)Q  ( 7, 2,a)
141 (P)P ( 8, 2,a)
1 4 2  *(S)R ( 6, 5,a)
143 (P)P ( 8, 7,a)
144 (R)P ( 8, 5,a)
145 (R)Q  ( 7, 5,a)
146 (R)R ( 6, S,a)
147 (P)P ( 8, 5,a)
148 (P)R  ( 6, 5,a)
149 (R)P ( 8, l,a)
150 (R)Q  ( 7, l,a)
151 (P)P ( 8, I,a)
152 (P)R ( 6, l,a)
153 (R)Q  ( 8, 6,a)
154 (R)R ( 7, 6,a)
155 (P)P ( 9, 6,a)
156 (P)R ( 7, 6,a)
157 (R)Q  ( 8, o,@’)
158 (R)P ( 9, 3,a)
159 (R)Q  ( 8, 3,a)
160 (P)P ( 9, 3a)
161 (P)R ( 7, 3,a)
162 (P)P ( 9, 8,a)
163 (R)P ( 9, 4,a)
164 (R)Q ( 8, 4,a)
165 (R)R ( 7, 4,a)
166 ● (o)P ( 9, 4,a)
167 (P)P ( 9, 4,a)
168 (P)R ( 7, 4,a)
169 (R)Q ( 8, 2,a)
170 (P)P ( 9, 2,a)
171 (P)R ( 7, 2,a)
172 ● (S)R ( 7, 5,a)
173 (R)Q  ( 8, 7,a)
174 (R)R ( 7, 7,a)
175 (P)P ( 9, 7,a)
176 (P)R ( 7, 7,a)
177 (R)P ( 9, 5,a)
178 (R)Q  ( 8, 5,a)
179 (R)R ( 7, 5,a)
;:; ● (S)Q ( 8, l,a)

(P)P (  9, 5,a)
182 (P)R ( 7, S,a)
183 (R)Q  ( 8, l,a)
184 (P)P ( 9, I,a)
185 (P)R ( 7, l,a)
1 8 6  *(S)R (  8 ,  6,a)
187 (R)Q ( 9. 6a)
188 (R)R ( 8, 6,a)
1 8 9  (P)P ( 1 0 ,  6,a)
190 (P)R ( 8, 6,a)
1 9 1  (R)P ( 1 0 ,  O,a)
192 (R)R ( 8, O,a)
193 (P)Q ( 9, 9,a)
1 9 4  (R)P ( 1 0 ,  3,a)
195 (R)Q  ( 9, 3$a)
196 ● (0)P (10, 3,a)
1 9 7  (P)P ( 1 0 ,  3,a)
198 (P)R ( 8, 3,a)
199 (R)Q ( 9, 8,a)
200 (R)R ( 8, 8,a)
201 (P)R ( 8, 8,a)
202 (R)Q  ( 9. 4oa)
203 ● (0 )P (lo, 4,a)
2 0 4  (P)p  (lo. 4 a )
205 (P)R  ( 8, 4,a)
206 (R)O  ( 9, 2,a)

7 E’
7 E’
7 E’
7 E’
7 E,,
7 ~,,
7 Eli
7 E“
7 ~,,
7 E,,
7 E,,
7 ~,,
7 Et,
.) E,,
7 E“
8 A2’
8 A2’
8 A2’
8 A2’
8 A2’
8 A2”
8 A2°
8 A2’I
8 A2°
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E’
8 E,<
8 E,,
8 E,!
8 E,,

8 E“
8 E“
8 E,,

8 E“
8 E,,
8 E“
8 E,,
8 E,,
8 E,,
8 E“

9 a 3-1
iosol
11 a31
lla31
12 a 1-’
3 s 7-’
5 a 6-’
7a6’
7 a 6
7 a 6
9a4-
9a4-
12a21
12a21
13a01
13aOl
3a71
3a71
4 a 5-1
4 a 5-1
7all
Sa41
5a41
7 a 2-1
7 a 2-1
5 a 7-1
9a51
9 a 5
9 a 5

1 0 s 2
1 1  a 3 -
11 a 3-
1 2 a 3
14 a 1-
14 a 1-
3s7-

nu24 2453.17173
nu24 2749.33747
nu24 2576.73268
nu24 2422.63996
nu24  2 5 8 0 . 1 3 4 8 6
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2447.01840
2563.91170
2455.30498
2402.90255
2560.88873
2699.46860
2451.40651
2747.97229
2426.64664
2584.07284
2444.67913
2740.18814
2555.28780
2713.53582
2436.93196
2772.71153
2586.14900
2399.48354
2576.30455
2434.35669
2768.79224
2438.96074
2393.18796
2570.19555
2727.97007
2427.47224
2437.34046
2772.12238
2581.19823
2431.67903
2765.87401
2589.90464

nu24 2546.58859
nu24 2705.15086

6  a  6-1 nu24  2 4 3 8 . 1 6 5 2 3
6 a 6-1

5a81
5a81.

7 a 6 1
7a61
7 a 6 1
9 s 3-1

10 a 4-1
10 a 4-1
13a21
14a01
14aOl

9 A2’ 2 S 8-1
9 A2’ 4 a 7
9 A2’ 4 a 7
9 A2’ 5 a 5 -
9 A2’ 5 a 5 -
9 A2’ 9 a l
9 A2’ 9al
9 A2° 3 a 8-
9 A2° 6ad
9 A2° 6a4
9 A2° 7 s 1 1
9 A2° 8 a 2-1
9 A2° 8 a 2-1
9 E’ 4a91
9 E’ 4a91
9 E’ 7 a 7-1
9 E’ 11 a51
9 E’ 12 S 2 1
9 E’ 13 a 3-1
9 E’ 13 a 3-1
9 E’ 14a31

nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

2774.60715
2385.92728
2563.16970
2721.15524
2523.93404
2434.79200
2770.01983
2584.84343
2429.83767
2763.88764
2590.38155
2557.91463
2735.44629
2420.72992
2794.90999
2415.22066
2787.44865
2620.37695
2381.97749
2577.86955
2393.69013

2 4 1 9 . 2 7 9 2 8
2791.99264
2540.10878
2718.39578
2797.95844
2572.26120
2411.65096
2422.12856
2795.21475
2582.59362

m4G
0.1689E-03
0.5326E-04
0.7289E-04
0.3610E-03
0.3701E-03
0.3513E-04
0.3054E-03
0.S524E-04
0.6664E-03
0.3366E-03
0 . 3 4 2 4 E -0 3
0.1105E-03
0.2922E-04
0.3332E-03
0.4208E-03
0.2752E-03
0.9197E-03
0.5484E-03
0.4028E-03
0.2306E-03
0.3229E-03
0.8218E-04
0.6384E-03
0.3100E-03
0.4368E-03
0.1828E-03
0 . 4 3 2 0 E - 0 4
0.3397E-03
0. I179E-04
0.9012E-04
0.1226E-03
0.1728E-03
0.2265E-03
0.2038E-03
0.2478E-03
0.3426E-04
O.41O4E-O3
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0.3459E-03
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0.8011E-04
0.1388E-03
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0.2808E-03
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0.3677E-03
0.7762E-03
0.1976E-03
0.5555E-04
0.4251E-04
0.4130E-03
0.7840E-04
0.1491E-04
0.2038E-03
0.1185E-03
0.1814E-03
0.2535E-03
0.2940E-03
0.5246E-04
0.5314E-03
0.1210E-03
0.2232E-03
0.2318E-03
0.2585E-03
0.4925E-03
0.1478E-03
0.2976E-04
0.2854E-03
0.3059E-04
0.2081E-03
0.4449E-03
0.2429E-03
0.5791E-03
0.4446E-04
0.1755E-03
0.4133E-04
0.7248E-04
0.1836E-03
0. I081E-03

- 5 . 7 7
- 1 8 . 2 5
-21.03

- 3 . 3 5
- 0 . 6 8
- 7 . 4 3
13.21

1 . 2 5
- 6 . 0 5

5 . 3 2
- 0 . 7 0

0 . 2 8
15.23
- 0 . 4 3
- 1 . 2 4
- 6 . 9 9
- 4 . 4 5

3 . 0 3
- 1 . 0 6
- 3 . 0 5

7 . 4 0
- 5 . 7 0

1 . 1 4
1 2 . 6 5

- 1 1 . 5 7
- 2 2 . 2 7

2 . 1 1
- 4 . 3 1
- 2 . 1 7
- 5 . 6 8
11.11

- 1 3 . 1 8
- 2 2 . 8 6

- 3 . 2 2
- 1 2 . 4 5
- 1 3 . 3 0

- 7 . 9 6
1 0 . 4 0
5 . 7 1
9 . 1 9
4 . 3 4

- 0 . 7 6
0 . 1 8

- 0 . 3 5
9 . 5 6

- 0 . 3 2
1 2 . 8 3
- 8 . 2 1
1 2 . 0 5
- 6 . 5 0
- 4 . 7 4

0 . 8 9
2 . 7 9

- 6 . 8 6
1 . 9 3

- 1 7 . 0 1
- 1 6 . 0 4

6 . 6 2
- 2 1 . 2 8
- 1 1 . 3 2

2 6 , 4 2
- 1 9 . 6 9
- 1 9 . 7 2

8 . 7 7
4 . 7 7
6 . 7 3

- 9 . 2 8
18.21

- 1 4 . 4 7
3 . 7 6

- 1 1 . 0 4

7
- 7
- 5

8
7
3

- 9
1
0
0
0

- 2
-1

0
0
3
3
0
0

- 1
- 1
- 1

3
3

-1
- 1

1
4
4

-2
- 9
- 8

7
- 2
- 2

8
1

;
o

1
2
2

- 5
- 4
- 4

0
- 3
- 2
15

2
2

- 4
- 4
- 6
- 6

2
0
0
8
0
0
3
3

6
- 4
- 2
- 1
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m ( 1 1 ) ( 1 1 1 ) ( I v ) --yvTr--- Tij———” ( V I I ) ( V I I I )

5
.  2 0 8

2 0 9
2 1 0
211
2 1 2
2 1 3
214
2 1 5
216
217
218
219
2 2 0
221
2 2 2
223
224
225
2 2 6
227
228
2 2 9
2 3 0
231
232
233
234
235
2 3 6
237
238
239
2 4 0
241
242
243
244
245
246
247

(P)P  ( 1 0 ,  2,a)
(P)R (  8 ,  2,a)
(R)Q (  9, 7,a)
(R)R (  8 ,  7,a)
(P)P  ( 1 0 ,  7,a)
(P)R (  8 ,  7,a)
(R)Q (  9 ,  5,a)
(P)P  ( 1 0 ,  5,a)
(P)R  (  8 ,  5,a)

● (S)Q ( 9, l,a)
(P)P  ( 1 0 ,  l,a)
(P)R (  8 ,  l,a)
(R)R  (  9 ,  6,a)
(P)P  ( 1 1 ,  6,a)
(P)R (  9 ,  6,a)
(R)Q (10, 9j,a)
(R)R  (  9 ,  9,a)
(P)P  ( 1 1 ,  9,a)
(P)Q ( 1 0 ,  9,a)
(P)R (  9 ,  9,a)
(P)P  ( n ,  lO,a)
(R)R (  9 ,  8,a)
(P)P  ( 1 1 ,  8,a)
(p)R (  9 .  8,a)

● (0)P (11, 4,a)
*(0)R (  9 ,  4,a)

(P)R (  9 ,  2,a)
(R)Q ( 1 0 ,  7,a)
(R)R  (  9 ,  7,a)
(P)R (  9 ,  l,a)
(P)P  ( 1 2 ,  6,a)
(P)R  ( 1 0 ,  6,a)
(R)Q (11, 9,a)
(R)R (10, 9,a)
(R)Q (n, lO,a)
(R)R  (10, lO,a)
(P)R ( 1 0 ,  2,a)
(P)R  ( 1 0 ,  l,a)
(R)R  (n, lO,a)
(R)O ( 1 2 ,  11,a)
(R)R  ( n ,  ll,a)

9 E’
9 E’
9 E“
9 E“
9 E“
9 E“
9 E“
9 E“
9 E“
9 E“
9 E,,
9 E“

1 0  A 2 ’
1 0  A2’
1 0  A 2 ’
1 0  A2°
1 0  A 2 °
1 0  A201
1 0  A 2 ”
1 0  A 2 ”
10 E’
10 E’
10 E’
10 E’
10 E’
10 E’
10 E’
10 E“
10 E“
10 EM
11 A2’
11 A2’
11 A2”
11 A2°
11 E’
11 E’
11 E’
11 E’”
12 E’
12 E“
12 E“

——
16
16

7
7
8

:
11
11
12
16
16

4
5
5
2
2
4
4
4
4
6
9
9

14
14
18
8
8

18
7
7
3
3
4

2:
20

6
3
3

a  l-t
a  1-1
a 8 1
a81
a 6-1
a 6-1
a61
a 4-1
a 4-1
s 3-1
aol
aol
a71
a 5-1
a 5-1
alo 1
a10 1
a 8-1
a 8-1
a  8 - 1
a 9-1
a91
a  7 - 1
a 7-1
S 2 1
5 2 1
a  1-1
a81
a81
aOl
a 5-1
a 5-1
alo 1
alo 1
all 1
all t
a  1-1
aol
all 1
a12 1
a12 1

iiim
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
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nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24
nu24

Zi-i7m?in
2789.58004
2549.42554
2727.30449
2421.68612
2796.59217
2565.54406
2418.85822
2792.43303
2530.32977
2415.74768
2788.02884
2757.28845
2405.24319
2817.47651
2533.35940
2731.34447
2406.00036
2623.02384
2821.00865
2405.62268
2740.76935
2406.11643
2820.05821
2396.16189
2807.20846
2813.73166
2552.40231
2749.42921
2812.55591
2390.48468
2840.39631
2536.90191
2753.92516
2526.33994
2743.99514
2838.27530
2837.41561
2766.76767
2519.0S033
2756.34631

mmiz=53
0.2004E-03
0.2968E-03
0.2018E-03
0 . 1 0 4 9 E -0 3
0.9014E-04
0.2152E-03
O.1O26E-O3
0.1240E-03
0.1465E-04
O.1O82E-O3
0.2097E-03
0.1530E-04
0.I032E-03
0.1907E-03
0.3225E-03
0.8342E-03
0 . 1 0 1 3 E -0 3
0.1135E-03
0.6804E-04
0.5463E-04
0.1407E-03
0.4876E-04
0.6806E-04
0.1782E-04
0.2078E-04
0.1379E-03
0.1503E-03
0.3850E-04
0.1368E-03
0.3884E-04
0.1160E-03
0.1982E-03
0.1819E-03
0.8841E-04
0.2733E-03
0.7298E-04
0.7814E-04
0.5316E-04
0.5295E-04
0.1649E-03

0.1160E-03
0.2338E-03
0.2904E-03
0.2075E-03
O.11O6E-O3
0.8773E-04
0.2205E-03
0 . 1 0 6 7 E -0 3
0.1116E-03
0.8679E-05
0.1254E-03
0.2421E-03
0.1652E-04
0. I057E-03
0.1908E-03
0.2977E-03
0.8013E-03
0. I075E-03
0. I157E-03
0.6399E-04
0.5048E-04
0.1433E-03
0.5442E-04
0.6280E-04
0.1769E-04
0.8638E-05
0.1634E-03
0.1577E-03
0.4261E-04
0.1668E-03
0.4433E-04
0.1279E-03
0.1958E-03
0.1833E-03
0.8491E-04
0.2578E-03
0.9773E-04
0.9855E-04
0.5447E-04
0.4516E-04
0.1547E-03

- 1 3 . 2 3
- 1 6 . 6 7

2 . 1 6
- 2 . 8 4
- 5 . 4 3

2 . 6 7
- 2 . 4 5
- 3 . 9 6
1 0 . 0 3
4 0 . 7 6

- 1 5 . 8 7
- 1 5 . 4 5

- 7 . 9 8
‘ 2 . 4 5
- 0 . 0 5

7 . 6 8
3 . 9 5

‘ 6 . 1 5
- 1 . 9 1

5 . 9 5
7 . 6 0

- 1 . 8 6
- 1 1 . 6 0

7 . 7 3
0 . 7 0

5 8 . 4 3
- 1 8 . 4 8

- 4 . 9 4
- 1 0 . 6 7
- 2 1 . 9 5
- 1 4 . 1 3
- 1 0 . 2 9

1.21
- 0 . 7 8

3 . 9 5
5 . 6 6

- 3 3 . 9 2
- 2 6 . 1 2

- 2 . 4 7
14.71
6 . 1 8

(m

7
- 8
- 2
- 2
- 1
- 1

6.
- 5
- 5
- 2
- 6
- 6

7
- 4
- 3

5
5
3
3
3
5

- 6
0
0

18
17

- l o
0
0

- 6
0
0

- 1 3
- 1 3

9
9

- 5

-;;
15
15
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Fig. 3. Interaction Blocks in the Upper State Energy Matrix

V2=3; S v2=3;  a v2=v4=l;  s v2=v4 = 1; a

agonal  Terms.
;=~6. AK=f3<

Diagonal Terms.
AK =*6.

Av2 = – 2, Av4=d-l;
AK =*2, A14=TI.

Av2 = – 2, Av4 =+-I;
AK =il, A14= *l.

Diagonal Terms.
AK=i6.
AK=t2, A14=t2.
AK=A4, A14=T2.

Av2 = – 2, Av4=+I;
AK =*1, A14=&l.

Av2 = – 2, Av4=+l;
AK =f2, A14 =T1.

AK=i3.
AK =*1, A14=T2.

Diagonal Terms.
AK =*6.
AK =*2, A14=f2.
AK =f4, A14 = T2.

Note : for the non-diagonal elements only the quantum numbers which are varying are
indicated.
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